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�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éμ¢ ¨ ³μ¤¥²¨·μ¢ ´¨Ö ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ μÉ ±·¨μ£¥´´ÒÌ
¨ É¥¶²μ¢ÒÌ § ³¥¤²¨É¥²¥° ·¥ ±Éμ·  ˆ
�-2 (�ˆŸˆ, „Ê¡´ ). ˆ§³¥·¥´¨Ö ¶·μ¢¥¤¥´Ò ´  ³ ²μÊ£²μ¢μ³
¸¶¥±É·μ³¥É·¥ 	Œ� (4-° ± ´ ² ˆ
�-2).

ˆ§³¥·¥´¨Ö ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ μÉ ¤¢ÊÌ É¨¶μ¢ ³¥É ´μ¢ÒÌ § ³¥¤²¨É¥²¥° ·¥ ²¨§μ¢ ´Ò ¢ ÏÉ É´μ°
±μ´Ë¨£Ê· Í¨¨ Ê¸É ´μ¢±¨. ‘· ¢´¨¢ ÕÉ¸Ö ¸¶¥±É·Ò ¶·¨ · §²¨Î´ÒÌ Ê¸²μ¢¨ÖÌ · ¡μÉÒ § ³¥¤²¨É¥²¥°.
�μ²ÊÎ¥´Ò Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö μÉ´μÏ¥´¨° ¸¶¥±É·μ¢ ¸ Ìμ²μ¤´Ò³ ¨ £·¥¡¥´Î ÉÒ³ § ³¥¤²¨É¥²Ö³¨.
‘ ¶μ³μÐÓÕ ³¥Éμ¤  Œμ´É¥-Š ·²μ · ¸¸Î¨É ´Ò ¸¶¥±É·Ò ¤²Ö ±·¨μ£¥´´μ£μ ³¥É ´μ¢μ£μ ¨ É¥¶²μ¢μ£μ
£·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²¥°. �·μ¢¥¤¥´ · ¸Î¥É μÉ´μÏ¥´¨° ¶μÉμ±μ¢ ¤²Ö ³¥É ´μ¢μ£μ ¨ £·¥¡¥´Î Éμ£μ
§ ³¥¤²¨É¥²¥°. � ¸¸Î¨É ´Ò ¶μÉ¥·¨ ´¥°É·μ´μ¢ ´  ¢μ§¤ÊÏ´ÒÌ § §μ· Ì ¢ ¶·μÍ¥¸¸¥ ¤¢¨¦¥´¨Ö ´¥°É·μ´-
´μ£μ ¶ÊÎ±  ± μ¡· §ÍÊ.

‘· ¢´¨¢ ÕÉ¸Ö ±·¨¢Ò¥ · ¸¸¥Ö´¨Ö μÉ ¡¥²±   ¶μË¥··¨É¨´  ¶·¨ ¨§³¥·¥´¨ÖÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
³¥É ´μ¢μ£μ ¨ £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²¥°. �¡¸Ê¦¤ ÕÉ¸Ö ¶¥·¸¶¥±É¨¢Ò ¨¸¶μ²Ó§μ¢ ´¨Ö Ìμ²μ¤´μ£μ § -
³¥¤²¨É¥²Ö ¤²Ö ³ ²μÊ£²μ¢μ£μ ¸¶¥±É·μ³¥É·  ¡¥§ §¥·± ²Ó´μ£μ ´¥°É·μ´μ¢μ¤ . �μ± § ´μ ¶·¥¨³ÊÐ¥¸É¢μ
¨¸¶μ²Ó§μ¢ ´¨Ö £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ´¥°É·μ´μ¢ ´  ¸¶¥±É·μ³¥É·¥ 	Œ�.

Results of experimental and computer modelling investigations of neutron spectra and �uxes obtained
with cold and thermal moderators at the IBR-2 reactor (JINR, Dubna) are presented. The studies are
done for small-angle neutron scattering (SANS) spectrometer YuMO (beamline number 4 of the IBR-2).
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The measurements of neutron spectra for two methane cold moderators are done for the standard
conˇguration of the SANS instrument. The data from both moderators under different conditions of
their operation are compared. The ratio of experimentally determined neutron �uxes of cold and thermal
moderators at different wavelength is shown. Monte Carlo simulations are done to determine spectra
for cold methane and thermal moderators. The results of the calculations of the ratio of neutron �uxes
of cold and thermal moderators at different wavelength are demonstrated. In addition, the absorption of
neutrons in the air gaps on the way from the moderator to the investigated sample is presented.

SANS with the protein apoferritin was done in the case of cold methane as well as a thermal
moderator and the data were compared. The perspectives for the use of the cold moderator for a SANS
spectrometer at the IBR-2 are discussed. The advantages of the YuMO spectrometer with the thermal
moderator with respect to the tested cold moderator are shown.

PACS: 28.41.Pa; 28.20.Gd; 28.20.Cz
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„²Ö Ô±¸¶¥·¨³¥´Éμ¢ ´  ³ ²ÒÌ Ê£² Ì ¶·¨´Í¨¶¨ ²Ó´μ ¢ ¦´μ ¶·μ¤¢¨´ÊÉÓ¸Ö ¢ μ¡² ¸ÉÓ
³ ²ÒÌ ¢¥±Éμ·μ¢ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ q ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¢ μ¡² ¸ÉÓ ¡μ²ÓÏ¨Ì · §³¥·μ¢
μ¡Ñ¥±É . �Éμ ¢μ§³μ¦´μ ·¥ ²¨§μ¢ ÉÓ, ¥¸²¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¨²¨(¨) ³¥´ÓÏ¨¥ Ê£²Ò ¶·¨ ·¥£¨-
¸É· Í¨¨ ´¥°É·μ´μ¢, · ¸¸¥Ö´´ÒÌ ´  μ¡· §Í¥, ¨²¨(¨) ¡μ²ÓÏ¨¥ ¤²¨´Ò ¢μ²´. Š ± ¶· ¢¨²μ,
¢¥²¨Î¨´Ò ³ ²ÒÌ Ê£²μ¢ ²¨³¨É¨·ÊÕÉ¸Ö · §³¥·μ³ ¶·Ö³μ£μ ¶ÊÎ± , Ëμ·³¨·Ê¥³μ£μ ±μ²²¨³ -
Í¨μ´´μ° ¸¨¸É¥³μ°, ¨, ¸μμÉ¢¥É¸É¢¥´´μ, · ¸Ìμ¤¨³μ¸ÉÓÕ ¶ÊÎ± . �μÔÉμ³Ê ¨³¥´´μ ¨§³¥´¥´¨¥
¸¶¥±É·  ¢ ¸Éμ·μ´Ê ¡μ²¥¥ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö
¡μ²ÓÏ¨Ì ¶μ · §³¥· ³ μ¡Ñ¥±Éμ¢. ‘¤¢¨£ ¸¶¥±É·  ¢ ¸Éμ·μ´Ê ¡μ²ÓÏ¨Ì ¤²¨´ ¢μ²´ ¶μ§¢μ-
²Ö¥É É ±¦¥ Ê²ÊÎÏ¨ÉÓ · §·¥Ï¥´¨¥ ¶μ ¢¥±Éμ·Ê · ¸¸¥Ö´¨Ö q §  ¸Î¥É Ê²ÊÎÏ¥´¨Ö Ê£²μ¢μ£μ
· §·¥Ï¥´¨Ö ¨ Ê²ÊÎÏ¨ÉÓ ¸É É¨¸É¨Î¥¸±ÊÕ ¤μ¸Éμ¢¥·´μ¸ÉÓ ±·¨¢ÒÌ · ¸¸¥Ö´¨Ö.

Œ¥Éμ¤ ¢·¥³¥´¨ ¶·μ²¥É  ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ÉÓ Ï¨·μ±¨° ¸¶¥±É· ¤²¨´ ¢μ²´.
‘¶¥±É· ¶ ¤ ÕÐ¨Ì ´  μ¡· §¥Í ´¥°É·μ´μ¢ ¨³¥¥É ¡²¨§±μ¥ ± ³ ±¸¢¥²²μ¢¸±μ³Ê · ¸¶·¥¤¥²¥-
´¨¥. ‚ ÔÉμ³ · ¸¶·¥¤¥²¥´¨¨ ¤¨ËË¥·¥´Í¨ ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ¶·¨ ¤²¨´¥ ¢μ²´Ò 6 �A
¶·¨³¥·´μ ¢ 250 · § ³¥´ÓÏ¥, Î¥³ ¤²Ö ³ ±¸¨³Ê³  É¥¶²μ¢μ£μ ¸¶¥±É·  [1]. —Éμ¡Ò Ê¢¥²¨Î¨ÉÓ
±μ²¨Î¥¸É¢μ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢, ¨¸¶μ²Ó§ÊÕÉ ±·¨μ£¥´´Ò¥ § ³¥¤²¨É¥²¨ (Š‡). �· ±É¨Î¥-
¸±¨ ± ¦¤Ò° ´¥°É·μ´´Ò° Í¥´É· ¨³¥¥É É ±μ° § ³¥¤²¨É¥²Ó [2Ä7].

„²Ö ¸¶¥±É·μ³¥É·μ¢, · ¡μÉ ÕÐ¨Ì ¸ μ¤´μ° ¤²¨´μ° ¢μ²´Ò, ¢Ò¡μ· ³¥¦¤Ê ¢μ¤Ö´Ò³ ¨ Ìμ-
²μ¤´Ò³ § ³¥¤²¨É¥²Ö³¨ ¤μ¸É ÉμÎ´μ μÎ¥¢¨¤¥´. Š ± ¶· ¢¨²μ, · ¡μÉ ÕÉ ¸ ¤²¨´ ³¨ ¢μ²´ 4 �A
¨ ¢ÒÏ¥, ¸²¥¤μ¢ É¥²Ó´μ, ¶·¨ ¸³¥Ð¥´¨¨ ³ ±¸¨³Ê³  ¢ ¸¶¥±É·¥ ¢ ÔÉÊ μ¡² ¸ÉÓ ¸ÊÐ¥¸É¢¥´´μ
(¤μ 10 · § ¨ ¡μ²¥¥) ¢μ ¸Éμ²Ó±μ ¦¥ · § Ê¢¥²¨Î¨¢ ¥É¸Ö ¨ ¶μÉμ±. „²Ö ¸¶¥±É·μ³¥É·μ¢, ¢ ±μÉμ-
·ÒÌ ¨¸¶μ²Ó§Ê¥É¸Ö ¢·¥³Ö¶·μ²¥É´ Ö ³¥Éμ¤¨± , ¶·¨³¥´¥´¨¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ´¥ ¸Éμ²Ó
μÎ¥¢¨¤´μ. „¥°¸É¢¨É¥²Ó´μ, ¥¸²¨ ¢ ¸¶¥±É·μ³¥É·¥ (± ± ¢ ¸²ÊÎ ¥ Ê¸É ´μ¢±¨ 	Œ�) ´¥ ¨¸¶μ²Ó-
§ÊÕÉ¸Ö ´¥°É·μ´μ¢μ¤Ò ¨²¨ ¡¥´¤¥·, Éμ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ¢ · ¡μÎ¥³ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´
μÉ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ³μ¦¥É μ± § ÉÓ¸Ö ³¥´ÓÏ¥, Î¥³ ¤²Ö § ³¥¤²¨É¥²Ö, · ¡μÉ ÕÐ¥£μ
¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥. ‚ Éμ³ ¸²ÊÎ ¥, ±μ£¤  ¢ ¸¶¥±É·μ³¥É·¥ ¨³¥¥É¸Ö ´¥°É·μ´μ¢μ¤,
¢Ò¨£·ÒÏ ¶μ ¶μÉμ±Ê μÉ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö § ¢¨¸¨É μÉ ËÊ´±Í¨¨ ¶·μ¶Ê¸± ´¨Ö ´¥°-
É·μ´μ¢μ¤  ¨ ¥£μ μ¡Ð¥° ¤²¨´Ò.

� ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¢Ò¶μ²´Ö²¨¸Ó ¨ ´  ·¥ ±Éμ·¥ ˆ
�-2. �¥-
§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ¶μ μ¶É¨³¨§ Í¨¨ Ëμ·³Ò § ³¥¤²¨É¥²¥° ¡Ò²¨ ¶·μ¢¥¤¥´Ò ´  ·¥ ±Éμ·¥
ˆ
�-30 ¥Ð¥ ¢ 1980 £. [8]. „²Ö ·¥ ±Éμ·  ˆ
�-2 ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¨ ¨¸¶ÒÉ ´Ò ¤¢  μ·¨£¨-
´ ²Ó´ÒÌ Š‡, ¢Ò¶μ²´¥´´ÒÌ ´  ³¥É ´¥ [9, 10]. ‚Ò¡μ· ³¥É ´μ¢μ£μ § ³¥¤²¨É¥²Ö μ¶·¥¤¥²Ö²¸Ö
É¥³, ÎÉμ μ´ ¨³¥¥É ¶·¥¨³ÊÐ¥¸É¢μ ¶¥·¥¤ ¢μ¤μ·μ¤´Ò³ § ³¥¤²¨É¥²¥³ ¢ ¢ÒÌμ¤¥ ´¥°É·μ´μ¢ μÉ
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3 ¤μ 3,5 · § ¶·¨ ¤²¨´¥ ¢μ²´Ò ¡μ²ÓÏ¥ 4 �A, ± ± ÔÉμ ¡Ò²μ ¶μ± § ´μ, ´ ¶·¨³¥·, ÊÎ¥´Ò³¨
�·£μ´´¸±μ° ´ Í¨μ´ ²Ó´μ° ² ¡μ· Éμ·¨¨ [11, ¸. 281],   ¢ Í¥²μ³ ¢ÒÌμ¤ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢
¢ÒÏ¥ ¢ ¤¢  · § .

‚Ò¡μ· § ³¥¤²¨É¥²Ö ¶·μ¨¸Ìμ¤¨É ¶μ ´¥¸±μ²Ó±¨³ ¶ · ³¥É· ³. �¥ ²Ó´μ ¢ ³¨·¥ ¨¸¶μ²Ó§Ê-
ÕÉ¸Ö ¢¥Ð¥¸É¢  Å ¢μ¤μ·μ¤ (¨²¨ ¤¥°É¥·¨°) (20 § ³¥¤²¨É¥²¥°), ³¥É ´ ¢ É¢¥·¤μ° ¨²¨ ¦¨¤±μ°
Ë §¥ (8 § ³¥¤²¨É¥²¥°) ¨ É¢¥·¤Ò° ³¥§¨É¨²¥´ (2 § ³¥¤²¨É¥²Ö) [10]. ’¢¥·¤Ò° ³¥§¨É¨²¥´
(Ì¨³¨Î¥¸± Ö Ëμ·³Ê²  ‘9H12) ¢ ¢¨¤¥ Ï ·¨±μ¢ ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ ± Î¥¸É¢¥
§ ³¥¤²¨É¥²Ö ¤²Ö ´μ¢μ° §μ´Ò ·¥ ±Éμ·  ˆ
�-2Œ [10].

‚ É ¡². 1 ¶·¥¤¸É ¢²¥´  ±· É± Ö ¨´Ëμ·³ Í¨Ö μ § ³¥¤²¨É¥²ÖÌ ´¥±μÉμ·ÒÌ ´¥°É·μ´´ÒÌ
Í¥´É·μ¢ [2Ä6]. ˆ§ É ¡²¨ÍÒ ¸²¥¤Ê¥É, ÎÉμ ¡μ²ÓÏ¨´¸É¢μ ¢¥¤ÊÐ¨Ì ´¥°É·μ´´ÒÌ ¨¸¸²¥¤μ¢ -
É¥²Ó¸±¨Ì Í¥´É·μ¢ ¨³¥ÕÉ ¢μ¤μ·μ¤´Ò¥ (¤¥°É¥·¨¥¢Ò¥) ±·¨μ£¥´´Ò¥ § ³¥¤²¨É¥²¨. �¥¤μ¸É Éμ±
¢μ¤μ·μ¤  ± ± ¢§·Ò¢μμ¶ ¸´μ£μ ¨³¥´´μ ¤²Ö ·¥ ±Éμ·  ˆ
�-2 (¸É Í¨μ´ ·´Ò¥ ·¥ ±Éμ·Ò ³¥-
´¥¥ (¢ 40 · §) ÎÊ¢¸É¢¨É¥²Ó´Ò ± ¨§³¥´¥´¨Ö³ £¥μ³¥É·¨¨) μÉ³¥Î ÕÉ  ¢Éμ·Ò ¸É ÉÓ¨ [10].
�  ·¥ ±Éμ·¥ ˆ
�-2, ´  4-³, 5-³ ¨ 6-³ ± ´ ² Ì ¤²¨É¥²Ó´μ¥ ¢·¥³Ö ¨¸¶μ²Ó§μ¢ ²¸Ö É¥¶²μ-
¢μ° § ³¥¤²¨É¥²Ó ¸ ²¥£±μ° ¢μ¤μ°, £·¥¡¥´Î ÉÒ° ¶μ Ëμ·³¥. ƒ¥μ³¥É·¨Ö § ³¥¤²¨É¥²Ö ¨ ±μ´-
¸É·Ê±É¨¢´Ò¥ μ¸μ¡¥´´μ¸É¨ ¡Ò²¨ ¸¢Ö§ ´Ò ¸ ¨§³¥·¥´¨Ö³¨ ´  ˆ
�-30 ¢ É¥¶²μ° ¨ Ìμ²μ¤´μ°
³μ¤ Ì [8].


Ò²μ ¶μ± § ´μ, ÎÉμ £·¥¡¥´Î ÉÒ° § ³¥¤²¨É¥²Ó ¶μ§¢μ²Ö¥É Ê¢¥²¨Î¨ÉÓ ¸·¥¤´¨° ¶μÉμ± É¥-
¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¢ É·¨ · §  ¶μ ¸· ¢´¥´¨Õ ¸ ¤Ò·Î ÉÒ³ § ³¥¤²¨É¥²¥³ ¨ § ³¥¤²¨É¥²¥³ ¸

’ ¡²¨Í  1. •μ²μ¤´Ò¥ § ³¥¤²¨É¥²¨ ¤²Ö ´¥±μÉμ·ÒÌ ´¥°É·μ´´ÒÌ ¨¸ÉμÎ´¨±μ¢

‹ ¡μ· Éμ·¨Ö, ’¨¶ Ìμ²μ¤´μ£μ ’¥³¶¥· -
�·¨³¥Î ´¨¥

·¥ ±Éμ· § ³¥¤²¨É¥²Ö ÉÊ· , K
ƒ ·Ï¨´£, „¥°É¥·¨¥¢Ò° 25 „¥°É¥·¨° ¸ ¤μ¡ ¢±μ° ¢μ¤μ·μ¤ 
FRM II [2] +5% ¢μ¤μ·μ¤  ¢ ¤¨ ¶ §μ´¥ ¤ ¢²¥´¨° 150 ±� 
GKSS, FRG-1 [3] ‚μ¤μ·μ¤´Ò° 25 „ ¢²¥´¨¥ > 13 ¡ ·
ISIS, Ê¸±μ·¨É¥²Ó [4] ‚μ¤μ·μ¤´Ò° ¨ 26 1. Šμ³¶μ§¨É´Ò° ¢μ¤μ·μ¤/É¢¥·¤Ò°

¦¨¤±¨° ³¥É ´μ¢Ò° ³¥É ´ (8,3 × 3 ¸³)
26 2. †¨¤±¨° ³¥É ´ (12 × 12 ¸³)

NIST, NCNR [5] ‚μ¤μ·μ¤´Ò° 20 †¨¤±μ¢μ¤μ·μ¤´Ò° § ³¥¤²¨É¥²Ó
Ô²²¨¶¸μ¨¤ ²Ó´μ° Ëμ·³Ò ¶μ³¥Ð¥´

¢ ±·¨μ¸É É ¸ ÉÖ¦¥²μ° ¢μ¤μ°
ILL [6] †¨¤±¨° ¤¥°É¥·¨° 25 ƒμ·¨§μ´É ²Ó´Ò° ±·¨μ£¥´´Ò°

§ ³¥¤²¨É¥²Ó:  ²Õ³¨´¨¥¢ Ö
¸Ë¥·  ¤¨ ³¥É·μ³ 38 ¸³,
§ ¶μ²´¥´´ Ö ±¨¶ÖÐ¨³
¦¨¤±¨³ ¤¥°É¥·¨¥³.

‚¥·É¨± ²Ó´Ò°
±·¨μ£¥´´Ò° § ³¥¤²¨É¥²Ó:
20 ¤³3 ¦¨¤±μ£μ ¤¥°É¥·¨Ö,
Í¨²¨´¤· ¤¨ ³¥É·μ³ 21 ¸³,

§ ¶μ²´¥´´Ò° ¦¨¤±¨³ ¤¥°É¥·¨¥³
SNS, �±-�¨¤¦¸± Ö ‚μ¤´Ò° ¶·¥¤§ ³¥¤²¨É¥²Ó,
´ Í¨μ´ ²Ó´ Ö ¢μ¤μ·μ¤´Ò° 25 Šμ³¶μ§¨É´Ò°
² ¡μ· Éμ·¨Ö [7] ¶·¥¤§ ³¥¤²¨É¥²Ó
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μÉ· ¦ É¥²¥³ ¨§ ¡¥·¨²²¨Ö. ƒ·¥¡¥´±¨ ¡Ò²¨ · ¸¶μ²μ¦¥´Ò £μ·¨§μ´É ²Ó´μ, ¨Ì ¸¥Î¥´¨¥³ ¡Ò²
É·¥Ê£μ²Ó´¨± ¢Ò¸μÉμ° 10 ¸³, · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê £·¥¡´Ö³¨ 2 ¸³. ’μ²Ð¨´  ¶²μ¸±μ° Î ¸É¨,
· ¸¶μ²μ¦¥´´μ° ¡²¨¦¥ ± ·¥ ±Éμ·Ê, ¸μ¸É ¢²Ö²  3 ¸³. Š ¸μ¦ ²¥´¨Õ,  ¢Éμ·Ò ÔÉμ° · ¡μÉÒ ´¥
Ê± § ²¨, ¸· ¢´¥´¨¥ ¸ ± ±¨³ § ³¥¤²¨É¥²¥³ ¤ ¥É Ê¢¥²¨Î¥´¨¥ ¶μÉμ±  Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¢
5Ä6 · §. ‘Ê¤Ö ¶μ · ¸¶μ²μ¦¥´´μ³Ê ·Ö¤μ³ ¤·Ê£μ³Ê ·¨¸Ê´±Ê, Ë ±Éμ· ¢Ò¨£·ÒÏ  ¶·¨¢¥¤¥´ ¤²Ö
¶²μ¸±μ£μ § ³¥¤²¨É¥²Ö Éμ²Ð¨´μ° 4,5 ¸³ ¨ · §³¥· ³¨ 25× 25 ¸³. �¢Éμ·Ò ¶·μ¢¥²¨ ¨§³¥·¥-
´¨Ö ¨ ¸ ¢μ¤´μ-¸¶¨·Éμ¢Ò³ · ¸É¢μ·μ³ ¶·¨ ¶μ´¨¦¥´¨¨ É¥³¶¥· ÉÊ·Ò ¤μ 85 Š. �¥¸³μÉ·Ö ´ 
Éμ, ÎÉμ ´  ³ ±¥É¥ ¡Ò² ¶μ²ÊÎ¥´ ¢Ò¨£·ÒÏ ¢ ¢ÒÌμ¤¥ Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢ ¢ É·¨ · § ,  ¢Éμ·Ò
ÊÉ¢¥·¦¤ ÕÉ, ÎÉμ ¶·¨ ´ ²¨Î¨¨ · ¡μÎ¥° ±·¨μ£¥´´μ° ¸¨¸É¥³Ò ¶μÉμ± Ìμ²μ¤´ÒÌ ´¥°É·μ´μ¢
μ± § ²¸Ö ÎÊÉÓ ¢ÒÏ¥, Î¥³ Ê É¥¶²μ£μ ·¥¦¨³  (300 Š). �¡ÑÖ¸´¥´¨¥ ÔÉμ³Ê  ¢Éμ·Ò ¢¨¤¥²¨ ¢
Ê¢¥²¨Î¥´¨¨ ±μ²¨Î¥¸É¢  ±μ´¸É·Ê±É¨¢´μ£μ ³ É¥·¨ ²  ¨ Ê¤ ²¥´¨¨ μÉ  ±É¨¢´μ° §μ´Ò.

‚ · ¡μÉ¥ [12] ¡Ò²  ¤¥É ²Ó´μ · ¸¸³μÉ·¥´  μ¶É¨³¨§ Í¨Ö ¤²Ö £·¥¡¥´Î Éμ£μ É¥¶²μ¢μ£μ
§ ³¥¤²¨É¥²Ö ´  ¨³¶Ê²Ó¸´ÒÌ ´¥°É·μ´´ÒÌ ¨¸ÉμÎ´¨± Ì. �¢Éμ·Ò · ¸¸³ É·¨¢ ²¨ ± ± ¨´É¥´-
¸¨¢´μ¸ÉÓ, É ± ¨ Ï¨·¨´Ê ¨³¶Ê²Ó¸  ¤²Ö £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ¨ μ¶·¥¤¥²¨²¨ μ¶É¨³ ²Ó-
´Ò¥ ¸μμÉ´μÏ¥´¨Ö Ï¨·¨´Ò ¨ £²Ê¡¨´Ò £·¥¡´Ö. ˜¨·¨´  ¨³¶Ê²Ó¸  ¸ÊÐ¥¸É¢¥´´μ § ¢¨¸¨É
μÉ ¢¥²¨Î¨´Ò £·¥¡´Ö. ’ ±, ¶·¨ ³ ±¸¨³ ²Ó´μ° ¤²¨´¥ £·¥¡´Ö 8 ¸³ ¶·μ¨¸Ìμ¤¨É Ê¤¢μ¥´¨¥
¶μ²ÊÏ¨·¨´Ò ¨³¶Ê²Ó¸ . Š·μ³¥ Éμ£μ, μ´¨ ¤¥² ÕÉ ¢Ò¢μ¤, ÎÉμ ¶μ¤μ¡´Ò¥ £·¥¡¥´Î ÉÒ¥ § -
³¥¤²¨É¥²¨ ³μ£ÊÉ ÔËË¥±É¨¢´μ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì, £¤¥ · §·¥Ï¥´¨¥ ´¥ É ±
ÎÊ¢¸É¢¨É¥²Ó´μ ± Ï¨·¨´¥ ¨³¶Ê²Ó¸ .

Šμ´¸É·Ê±É¨¢´Ò¥ μ¸μ¡¥´´μ¸É¨, ·¥¦¨³Ò ¨ ¸¶¥Í¨Ë¨±  · ¡μÉÒ,   É ±¦¥ ´¥±μÉμ·Ò¥ ·¥-
§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ³¥É ´μ¢ÒÌ § ³¥¤²¨É¥²¥° ´  ·¥ ±Éμ·¥ ˆ
�-2 ¶·¥¤¸É ¢²¥´Ò
¢ · ¡μÉ Ì [9, 10, 13, 14]. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ´  5-³, 6-³ ± ´ ² Ì ˆ
�-2 ¨§²μ¦¥´Ò
É ±¦¥ ¢ [15].

‚ ´ Ï¥° · ¡μÉ¥  ´ ²¨§¨·ÊÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¨§³¥·¥´¨°, ¶μ²ÊÎ¥´´ÒÌ
¶·¨ ¨¸¶ÒÉ ´¨ÖÌ Ìμ²μ¤´ÒÌ ³¥É ´μ¢ÒÌ § ³¥¤²¨É¥²¥° ´¥°É·μ´μ¢ ´  ¸¶¥±É·μ³¥É·¥ 	Œ�,  
É ±¦¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ.
–¥²ÓÕ ¨¸¸²¥¤μ¢ ´¨° ¡Ò²μ ´¥ Éμ²Ó±μ ¶μ²ÊÎ¥´¨¥ ´¥°É·μ´´ÒÌ ¸¶¥±É·μ¢, ´μ ¨ μ¶·¥¤¥²¥´¨¥
¢Ò£μ¤Ò ¨¸¶μ²Ó§μ¢ ´¨Ö £·¥¡¥´Î Éμ£μ ¨ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²¥° ´¥°É·μ´μ¢ ¤²Ö ³ ²μÊ£²μ-
¢μ£μ ¸¶¥±É·μ³¥É· , ¨³¥ÕÐ¥£μ £¥μ³¥É·¨Õ ¶·Ö³μ° ¢¨¤¨³μ¸É¨ ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö ¸
¶μ§¨Í¨¨ μ¡· §Í .

�Š‘�…�ˆŒ…�’ ˆ �…‡“‹œ’�’›

Š·¨μ£¥´´Ò° § ³¥¤²¨É¥²Ó ¶μ · §³¥· ³ ¨ · ¸¶μ²μ¦¥´¨Õ ¡Ò² ¶μ¤μ¡· ´ É ±, ÎÉμ · ¡μÉ ²
´  É·¨ ¸¶¥±É·μ³¥É· : 4-°, 5-° ¨ 6-° ± ´ ²Ò ˆ
�-2.

‚ μÉ²¨Î¨¥ μÉ ¤¨Ë· ±Éμ³¥É·μ¢ 5-£μ ¨ 6-£μ ± ´ ²μ¢ ¢ ³ ²μÊ£²μ¢μ³ ¸¶¥±É·μ³¥É·¥ 	Œ�
(·¨¸. 1) ´¥ ¨¸¶μ²Ó§Ê¥É¸Ö §¥·± ²Ó´Ò° ´¥°É·μ´μ¢μ¤ ¨ ¨³¥¥É¸Ö ¶·Ö³ Ö ¢¨¤¨³μ¸ÉÓ ¶μ¢¥·Ì´μ-
¸É¨ § ³¥¤²¨É¥²Ö ¸ ¶μ§¨Í¨¨ μ¡· §Í , ¶μÔÉμ³Ê ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ´¥É ´¥μ¡Ìμ¤¨³μ¸É¨
±μ··¥±É¨·μ¢ ÉÓ ´  ËÊ´±Í¨Õ ¶·μ¶Ê¸± ´¨Ö ´¥°É·μ´μ¢μ¤ . “£μ² ³¥¦¤Ê ¶²μ¸±μ¸ÉÓÕ £·¥-
¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ¨ μ¸ÓÕ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É 72 ◦. � ¸¸ÉμÖ´¨¥ § ³¥¤²¨É¥²Ó Ä ¶μ§¨Í¨Ö
μ¡· §Í  (L1) 18 ³, § ³¥¤²¨É¥²Ó Ä ¤¥É¥±Éμ· ¶·Ö³μ£μ ¶ÊÎ±  35 ³, § ³¥¤²¨É¥²Ó Ä ¤¥É¥±Éμ·
· ¸¸¥Ö´¨Ö (L1+L2) 30 ³. �¥·¢Ò° ±μ²²¨³ Éμ· ´ Ìμ¤¨É¸Ö ´  · ¸¸ÉμÖ´¨¨ 5,28 ³ μÉ § ³¥¤-
²¨É¥²Ö, ¢Éμ·μ° ±μ²²¨³ Éμ· Å ´  · ¸¸ÉμÖ´¨¨ 17,7 ³.
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�¨¸. 1. ‚¨¤ ¸¶¥±É·μ³¥É·  	Œ� ´  4-³ ± ´ ²¥ ˆ
�-2 ¢ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨°: 1 Å μÉ· ¦ É¥²Ó; 2 Å
§μ´  ¸ Ìμ²μ¤´Ò³ § ³¥¤²¨É¥²¥³; 3 Å ¶·¥·Ò¢ É¥²Ó; 4 Å ¶¥·¢Ò° ±μ²²¨³ Éμ·; 5 Å ¢ ±ÊÊ³´ Ö É·Ê¡ ;

6 Å ¢Éμ·μ° ±μ²²¨³ Éμ·; 7 Å ¦¨¤±μ¸É´Ò° É¥·³μ¸É É; 8 Å ¸Éμ²¨± ¸ μ¡· §Í ³¨; 9 Å ¢ ´ ¤¨¥¢Ò°
¸É ´¤ ·É; 10 Å ±μ²ÓÍ¥¢μ° ¤¥É¥±Éμ· ´¥°É·μ´μ¢; 11 Å ¤¥É¥±Éμ· ¶·Ö³μ£μ ¶ÊÎ± 

ˆ‡Œ…�…�ˆŸ ‘ Œ…’���‚›Œ ‡�Œ…„‹ˆ’…‹…Œ I

ˆ§³¥·¥´¨Ö ´  4-³ ± ´ ²¥ ˆ
�-2 ¸ ¶¥·¢Ò³ ±·¨μ£¥´´Ò³ ³¥É ´μ¢Ò³ § ³¥¤²¨É¥²¥³ [9, 13]
¶·μ¢μ¤¨²¨¸Ó c ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ ¤¥É¥±Éμ·μ¢: ¤¥É¥±Éμ·  ¶·Ö³μ£μ ¶ÊÎ± 
(±μ´¢¥·Éμ·μ³ ´¥°É·μ´μ¢ ¸²Ê¦¨É  ²Õ³¨´¨¥¢ Ö ¶² ¸É¨´  ¸ ´ ¶Ò²¥´´Ò³ 6LiF,   α-Î ¸É¨ÍÒ
·¥£¨¸É·¨·ÊÕÉ¸Ö £·Ê¶¶μ° ¶μ¢¥·Ì´μ¸É´μ-¡ ·Ó¥·´ÒÌ ±·¥³´¨¥¢ÒÌ ¤¥É¥±Éμ·μ¢, · ¸¶μ²μ¦¥´-
´ÒÌ ¢ ¸Éμ·μ´¥ μÉ ²¨´¨¨ ¶ÊÎ±  ´¥°É·μ´μ¢) ¨ ¤¥É¥±Éμ·  · ¸¸¥Ö´¨Ö (±μ²ÓÍ¥¢μ° ¶·μ¶μ·Í¨-
μ´ ²Ó´Ò° ¤¥É¥±Éμ· · ¸¸¥Ö´¨Ö μ·¨£¨´ ²Ó´μ° ±μ´¸É·Ê±Í¨¨ [16]). �·¨ ¨§³¥·¥´¨¨ · ¸¸¥Ö-
´¨Ö ¡¥§ μ¡· §Í  μ¶·¥¤¥²Ö²¨ Ëμ´μ¢ÊÕ ¸μ¸É ¢²ÖÕÐÊÕ ´  ¤¥É¥±Éμ·¥ · ¸¸¥Ö´¨Ö. „¥É¥±Éμ·
¶·Ö³μ£μ ¶ÊÎ±  ¶·¨ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¨§³¥·Ö² ÔËË¥±É¨¢´Ò° ¸¶¥±É· ´¥°É·μ´μ¢. ‚ ± Î¥¸É¢¥
μ¡· §Íμ¢ ¸²Ê¦¨²¨ ¢ ´ ¤¨° (± ± ¢ ¶μ§¨Í¨¨ μ¡· §Í , É ± ¨ ¶¥·¥¤ ¤¥É¥±Éμ·μ³ · ¸¸¥Ö´¨Ö
Ê¦¥ ¢ ± Î¥¸É¢¥ ¸É ´¤ ·É ) ¨ ¶² ¸É¨± ¸ ¸ ¦¥°, ¨³¥ÕÐ¨° Î·¥§¢ÒÎ °´μ ¢Ò¸μ±μ¥ ¸¥Î¥´¨¥
· ¸¸¥Ö´¨Ö, μ¸μ¡¥´´μ ¶·¨ ¡μ²ÓÏ¨Ì ¤²¨´ Ì ¢μ²´ ¶·¨ ¨§³¥·¥´¨ÖÌ ÔËË¥±É¨¢´μ£μ ¸¶¥±É· 
´¥°É·μ´μ¢, ·¥£¨¸É·¨·Ê¥³μ£μ ±μ²ÓÍ¥¢Ò³ ¤¥É¥±Éμ·μ³ · ¸¸¥Ö´¨Ö.

�·μ¢¥·±  ¶μ± § ² , ÎÉμ μÉ´μÏ¥´¨Ö ¸¶¥±É·μ¢, ¶μ²ÊÎ ¥³Ò¥ μÉ · §´ÒÌ ¤¥É¥±Éμ·μ¢ ¨ Ê± -
§ ´´ÒÌ ¢ÒÏ¥ μ¡· §Íμ¢, ¤ ÕÉ ¸ ³μ¸μ£² ¸μ¢ ´´Ò° ·¥§Ê²ÓÉ É. �μÔÉμ³Ê ´¨¦¥, ± ± ¶· ¢¨²μ,
´¥ ÊÉμÎ´Ö¥³, ± ±μ° μ¡· §¥Í ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·¨ ¶μ²ÊÎ¥´¨¨ ¸¶¥±É·μ¢.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´ Ë ±Éμ· ¢Ò¨£·ÒÏ  ¤²Ö ¶¥·¢μ£μ ³¥É ´μ¢μ£μ § ³¥¤²¨É¥²Ö. ‚Ò-
¨£·ÒÏ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Š‡ ´ Î¨´ ¥É¸Ö ¤²Ö ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò 3 �A ¨ ¤μ¸É¨£ ¥É
¢¥²¨Î¨´Ò 20Ä25 · § ¶·¨ ¤²¨´ Ì ¢μ²´ ¸¢ÒÏ¥ 10 �A. �μ ¨´É¥£· ²Ó´μ³Ê ¶μÉμ±Ê ±·¨μ£¥´´Ò°
§ ³¥¤²¨É¥²Ó ¶·μ¨£·Ò¢ ¥É £·¥¡¥´Î Éμ³Ê ¢μ¤Ö´μ³Ê ¶·¨³¥·´μ ¢ É·¨ · § .
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�¨¸. 2. ” ±Éμ· ¢Ò¨£·ÒÏ  Š‡, ¶μ²ÊÎ¥´´Ò° ¸ ¶μ³μÐÓÕ · ¸¸¥Ö´¨Ö μÉ μ¡· §Í  ¨ § ·¥£¨¸É·¨·μ¢ ´´Ò°

±μ²ÓÍ¥¢Ò³ ¤¥É¥±Éμ·μ³ ´¥°É·μ´μ¢ ¸ ÊÎ¥Éμ³ Ëμ´ 
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�±¸¶¥·¨³¥´ÉÒ ¸μ ¢Éμ·Ò³ ³¥É ´μ¢Ò³ § ³¥¤²¨É¥²¥³ (1999Ä2000 ££.) ´  4-³ ± ´ ²¥
ˆ
�-2 ¶·μ¢μ¤¨²¨¸Ó ¢ ¸É ´¤ ·É´μ° ´  ÉμÉ ³μ³¥´É ±μ´Ë¨£Ê· Í¨¨ Ê¸É ´μ¢±¨ (¸³. ·¨¸. 1).
“£μ² ³¥¦¤Ê ´μ·³ ²ÓÕ ± ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö ¨ μ¸ÓÕ ¶ÊÎ±  ¸μ¸É ¢²Ö¥É, ± ± ¨ ¤²Ö
¨§³¥·¥´¨° 1994 £., 18 ◦. ‚ ¨§³¥·¥´¨ÖÌ ¡Ò²¨ § ¤¥°¸É¢μ¢ ´Ò É·¨ É¨¶  ¤¥É¥±Éμ·  Å
¤¢  ¤¥É¥±Éμ· , ± ± ¨ ¶·¨ ¨¸¶ÒÉ ´¨ÖÌ ¸ ³¥É ´μ¢Ò³ § ³¥¤²¨É¥²¥³ I: ¤¥É¥±Éμ· · ¸¸¥Ö´¨Ö
10 Å ±μ²ÓÍ¥¢μ° ¶·μ¶μ·Í¨μ´ ²Ó´Ò° £¥²¨¥¢Ò° ¸Î¥ÉÎ¨± ¨ ¤¥É¥±Éμ· ¶·Ö³μ£μ ¶ÊÎ±  11 Å
¶μ¢¥·Ì´μ¸É´μ-¡ ·Ó¥·´Ò° ¤¥É¥±Éμ· ¸ ²¨É¨¥¢Ò³ ±μ´¢¥·Éμ·μ³,   É ±¦¥, ¤μ¶μ²´¨É¥²Ó´μ, ± -
³¥·  ¤¥²¥´¨Ö [1]. �·¥¤¸É ¢²¥´´Ò¥ ´¨¦¥ ¸¶¥±É·Ò Å ·¥§Ê²ÓÉ É  ´ ²¨§  ¤ ´´ÒÌ ¶μ ÔÉ¨³
¤¥É¥±Éμ· ³.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´ ÔËË¥±É¨¢´Ò° ¸¶¥±É· ´¥°É·μ´μ¢. �μ ¸· ¢´¥´¨Õ ¸ ¶¥·¢Ò³ Š‡
É¥¶²μ¢ Ö Î ¸ÉÓ ¨³¥¥É Ì · ±É¥·´Ò¥ §Ê¡ÍÒ, Ö¢²ÖÕÐ¨¥¸Ö ·¥§Ê²ÓÉ Éμ³ ®¢Ò¥¤ ´¨Ö¯ ¸¶¥±É· 
¡¥·¨²²¨¥¢Ò³¨ Î ¸ÉÖ³¨ § ³¥¤²¨É¥²Ö.

�¨¸. 3. �ËË¥±É¨¢´Ò° ¸¶¥±É· ´¥°É·μ´μ¢ μÉ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¶·¨ T = 32 K
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�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É μÉ´μÏ¥´¨Ö ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ ¢μ ¢·¥³Ö · ¡μÉÒ
Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¢ É¥³¶¥· ÉÊ·´μ³ ·¥¦¨³¥ 30 ¨ 300 Š. ” ±Éμ· ¢Ò¨£·ÒÏ  ±·¨μ-
£¥´´μ£μ § ³¥¤²¨É¥²Ö ¶μ μÉ´μÏ¥´¨Õ ± ÔÉμ³Ê ¦¥ § ³¥¤²¨É¥²Õ, ´μ ¡¥§ ³¥É ´  (¢μ¤Ö´μ°
¶·¥¤§ ³¥¤²¨É¥²Ó), ¸μ¸É ¢²Ö¥É μ±μ²μ 20 ¶·¨ ¤²¨´¥ ¢μ²´Ò ´¥°É·μ´  ¡μ²ÓÏ¥ 4 �A. �·¨
¤²¨´¥ ¢μ²´Ò 2 �A ÔÉμ μÉ´μÏ¥´¨¥ · ¢´μ 1, ³¨´¨³ ²Ó´μ¥ μÉ´μÏ¥´¨¥ 0,4 ¶·¨ ¤²¨´¥ ¢μ²´Ò
μ±μ²μ 1 �A.

�μ¸²¥ ¶·μ¢¥¤¥´¨Ö É¥¸Éμ¢ ¸ ±·¨μ£¥´´Ò³ § ³¥¤²¨É¥²¥³ ¡Ò² Ê¸É ´μ¢²¥´ ÏÉ É´Ò° £·¥-
¡¥´Î ÉÒ° ¸ ²¥£±μ° ¢μ¤μ°. 
Ò²¨ ¸¤¥² ´Ò Ô±¸¶¥·¨³¥´ÉÒ ¨ ¶μ²ÊÎ¥´Ò ¸¶¥±É·Ò μÉ £·¥¡¥´Î -
Éμ£μ § ³¥¤²¨É¥²Ö (ƒ‡). �·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ¸¶¥±É·μ¢ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¡¥§ ³¥É ´ 
¶·¨ T = 300 Š ¨ £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ¶·¨ É ±μ° ¦¥ É¥³¶¥· ÉÊ·¥. �  ·¨¸. 5 ¶·¥¤¸É -
¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ÔÉμ£μ ¸· ¢´¥´¨Ö: μÉ´μÏ¥´¨¥ ÔËË¥±É¨¢´μ£μ ¸¶¥±É·  ¢μ ¢·¥³Ö · ¡μÉÒ

�¨¸. 4. �É´μÏ¥´¨¥ ¸¶¥±É·μ¢ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¸ ³¥É ´μ³ ¶·¨ T = 30 Š ¨ ¡¥§ ³¥É ´  ¶·¨

300 Š (¶·¥¤§ ³¥¤²¨É¥²Ó)

�¨¸. 5. �É´μÏ¥´¨¥ ¸¶¥±É·  ¢μ¤Ö´μ£μ £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ± ¸¶¥±É·Ê Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö
¡¥§ ³¥É ´  (Ë ±Éμ· ¢Ò¨£·ÒÏ  £·¥¡¥´±¨)
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£·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ± ÔËË¥±É¨¢´μ³Ê ¸¶¥±É·Ê Éμ£μ ¦¥ ¤¥É¥±Éμ·  ¨ μ¡· §Í  ¶·¨ · -
¡μÉ¥ ·¥ ±Éμ·  ¸ Š‡ ¡¥§ ³¥É ´  ¶·¨ T = 300 Š (¶·¥¤§ ³¥¤²¨É¥²Ó Š‡). ‘·¥¤´¨° ¢Ò¨£·ÒÏ
ƒ‡ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 2Ä2,5 · § . Œ ±¸¨³ ²Ó´Ò° ¢Ò¨£·ÒÏ Å μ±μ²μ 4 · § ¶·¨ ¤²¨´¥
¢μ²´Ò 3 �A. �·¨ ¤²¨´ Ì ¢μ²´ 4 �A ¨ ¢ÒÏ¥ £·¥¡¥´Î ÉÒ° ÔËË¥±É¨¢´¥° ¶²μ¸±μ£μ Š‡ ¡¥§
³¥É ´  ¢ ¤¢  · § .

�  ·¨¸. 6, 7 ¶·¨¢¥¤¥´Ò Ë ±Éμ·Ò ¢Ò¨£·ÒÏ  ¶μ ¸¶¥±É·Ê ¤²¨´ ¢μ²´ ¤μ 10 �A ¶·¨ · ¡μÉ¥
·¥ ±Éμ·  ¸ Ìμ²μ¤´Ò³ § ³¥¤²¨É¥²¥³ ¶·¨ É¥³¶¥· ÉÊ· Ì T = 29−30 Š ¨ T = 66 Š. ” ±Éμ·
¢Ò¨£·ÒÏ  Š‡ ¶μ μÉ´μÏ¥´¨Õ ± ƒ‡ ¸μ¸É ¢²Ö¥É μ±μ²μ 10 ¶·¨ ¤²¨´¥ ¢μ²´Ò ´¥°É·μ´  6 �A
¨ ¶·¨ T = 29−30 Š. �·¨ ¤²¨´¥ ¢μ²´Ò ´¥°É·μ´  1 �A ¢¥²¨Î¨´  μÉ´μÏ¥´¨Ö ÔËË¥±É¨¢-
´ÒÌ ¸¶¥±É·μ¢ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ± £·¥¡¥´Î Éμ³Ê ¸μ¸É ¢²Ö¥É 0,06. …¸²¨ É¥³¶¥· ÉÊ·Ê

�¨¸. 6. ” ±Éμ· ¢Ò¨£·ÒÏ  μÉ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¶·¨ T = 29−30 Š ¶μ μÉ´μÏ¥´¨Õ ±

£·¥¡¥´Î Éμ³Ê § ³¥¤²¨É¥²Õ

�¨¸. 7. ” ±Éμ· ¢Ò¨£·ÒÏ  ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¶·¨ T = 66 Š ¶μ μÉ´μÏ¥´¨Õ ± £·¥¡¥´Î Éμ³Ê
§ ³¥¤²¨É¥²Õ
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Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶μ¢Ò¸¨ÉÓ ¤μ T = 66 Š, Éμ μÉ´μÏ¥´¨¥ §´ Î¥´¨° ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ ¶·¨ ¤²¨´¥ ¢μ²´Ò μ±μ²μ 1 �A ¸É ´μ¢¨É¸Ö 0,1,   ¤²Ö Ìμ²μ¤´ÒÌ
´¥°É·μ´μ¢ (¸¢ÒÏ¥ 4 �A) ÔÉμ μÉ´μÏ¥´¨¥ ¡μ²ÓÏ¥ Î¥³ 5.

‚ Ö´¢ ·¥ 2000 £. ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¸ ± ³¥·μ° ¤¥²¥´¨Ö ¶μ μ¶·¥¤¥²¥´¨Õ
 ¡¸μ²ÕÉ´ÒÌ §´ Î¥´¨° ¶μÉμ±μ¢ ´  4-³ ± ´ ²¥ [1]. ˆ¸Ìμ¤Ö ¨§ ¤ ´´ÒÌ, ¶·¥¤¸É ¢²¥´´ÒÌ ´ 
·¨¸. 7, ¨ ¤ ´´ÒÌ Ê± § ´´μ° ¢ÒÏ¥ · ¡μÉÒ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¤¨ËË¥·¥´Í¨ ²Ó´ÊÕ ¶²μÉ´μ¸ÉÓ
¶μÉμ±  ´  4-³ ± ´ ²¥ ¢ ¶μ§¨Í¨¨ μ¡· §Í  (·¨¸. 8).

‘Ëμ·³Ê²¨·Ê¥³ μ¸´μ¢´μ° ·¥§Ê²ÓÉ É ¶μ ¨¸¶ÒÉ ´¨Õ ¤¥É¥±Éμ·  (¢Ò¡· ´ ´ ¨²ÊÎÏ¨° ·¥-
§Ê²ÓÉ É Å ¢Ò¨£·ÒÏ´Ò° ¤²Ö Š‡) ¶μ ¢¸¥³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³: ±·¨μ£¥´´Ò° § ³¥¤-
²¨É¥²Ó (T = 30 Š) ¤ ¥É ¢Ò¨£·ÒÏ ¢ ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´μ¢ ¶·¨ ¤²¨´¥ ¢μ²´Ò ¡μ²ÓÏ¥
3 �A. �·¨ ¤²¨´¥ ¢μ²´Ò ¡μ²ÓÏ¥ 6 �A ¢Ò¨£·ÒÏ ¸μ¸É ¢²Ö¥É μ±μ²μ 10. ‚³¥¸É¥ ¸ É¥³ ±·¨μ£¥´-
´Ò° § ³¥¤²¨É¥²Ó ¡¥§ ³¥É ´  (¶·¥¤§ ³¥¤²¨É¥²Ó) ¶·¨ T = 300 Š ¸ÊÐ¥¸É¢¥´´μ ¶·μ¨£·Ò¢ ¥É
£·¥¡¥´Î Éμ³Ê § ³¥¤²¨É¥²Õ. Œ ±¸¨³ ²Ó´Ò° ¶·μ¨£·ÒÏ (§´ Î¥´¨¥ μ±μ²μ 4) ¶·¨ ¤²¨´¥
¢μ²´Ò 3 �A,   ¸·¥¤´¨° ¶·μ¨£·ÒÏ ¶·¨³¥·´μ 2,5 ¢μ ¢¸¥³ ¶μ²¥§´μ³ ¨´É¥·¢ ²¥. �É¨ ¢¥-
²¨Î¨´Ò Ö¢²ÖÕÉ¸Ö ¢¥·Ì´¨³ §´ Î¥´¨¥³ μÍ¥´±¨ ¢Ò¨£·ÒÏ  £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ¶μ
μÉ´μÏ¥´¨Õ ± ¶²μ¸±μ³Ê § ³¥¤²¨É¥²Õ ¢¢¨¤Ê Éμ£μ, ÎÉμ μ¶É¨³¨§ Í¨Ö § ³¥¤²¨É¥²Ö ¶·μ¢μ-
¤¨É¸Ö ¤²Ö ¢¸¥£μ Š‡,   ´¥ Éμ²Ó±μ ¤²Ö ¶²μ¸±μ° ¥£μ Î ¸É¨. ‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¶²μÉ´μ¸É¨
¶μÉμ±μ¢ ¤²Ö ƒ‡ ¨ Š‡ ¢ ¶μ§¨Í¨¨ μ¡· §Í  4-£μ ± ´ ²  ˆ
�-2, ¶μ²ÊÎ¥´´Ò¥ ¨§  ´ ²¨§ 
¸¶¥±É·μ¢ ·¨¸. 8.

�¨¸. 8. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢ ±·¨μ£¥´´μ£μ (�) ¨ £·¥¡¥´Î Éμ£μ (◦) § ³¥¤²¨É¥²¥°
¢  ¡¸μ²ÕÉ´ÒÌ ¥¤¨´¨Í Ì

’ ¡²¨Í  2. �²μÉ´μ¸É¨ ¶μÉμ±μ¢ ´¥°É·μ´μ¢ ¢ ¶μ§¨Í¨¨ μ¡· §Í  ´  4-³ ± ´ ²¥ ˆ��-2 (¨§ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ)

„¨ ¶ §μ´ ¤²¨´ „²Ö ±·¨μ£¥´´μ£μ „²Ö £·¥¡¥´Î Éμ£μ
¢μ²´, �A § ³¥¤²¨É¥²Ö, 106 ¸³−2· ¸−1 § ³¥¤²¨É¥²Ö, 106 ¸³−2· ¸−1

0,5Ä10 2,0 9,3
2Ä10 1,0 1,2
3Ä10 0,6 0,2
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�¨¸. 9. ‘Ì¥³  £·¥¡¥´Î Éμ£μ (a) ¨ ³¥É ´μ¢μ£μ (¡) § ³¥¤²¨É¥²¥°, ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¤²Ö · ¸Î¥Éμ¢
³¥Éμ¤μ³ Œμ´É¥-Š ·²μ

�¨¸. 10. � ¸Î¥É´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³

³¥Éμ¤  Œμ´É¥-Š ·²μ ¤²Ö £·¥¡¥´Î Éμ£μ ¨ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö (T = 30 Š). Š·Ê¦± ³¨ μ¡μ-
§´ Î¥´Ò ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ ¶²μÉ´μ¸É¨ ¶μÉμ±  ¤²Ö £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö,   É·¥Ê£μ²Ó´¨± ³¨ Å

¤²Ö ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸μ ¸Ì¥³ ³¨ ·¨¸. 9,   ¨ ¡. �¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò ¤²Ö
³μÐ´μ¸É¨ ·¥ ±Éμ·  1,5 Œ‚É, · §³¥· ¶¥·¢μ£μ ±μ²²¨³ Éμ·  60 ³³, ¢Éμ·μ£μ 14 ³³

Œ¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¡Ò²¨ · ¸¸Î¨É ´Ò ¸¶¥±É·Ò ¢ ¶μ§¨Í¨¨ μ¡· §Í  ¤²Ö 4-£μ ± ´ ² .
‘Ì¥³Ò § ³¥¤²¨É¥²¥°, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ · ¸Î¥É Ì ¸¶¥±É·μ¢ £·¥¡¥´Î Éμ£μ ¨ ³¥É ´μ¢μ£μ
§ ³¥¤²¨É¥²¥°, ¶·¨¢¥¤¥´Ò ´  ·¨¸. 9,   ¨ ¡ ¸μμÉ¢¥É¸É¢¥´´μ. ‘Ì¥³ É¨Î¥¸±¨ ¨§μ¡· ¦¥´ Í¥´É·
§μ´Ò (μÉ³¥Î¥´ ±·¥¸É¨±μ³), ¢ ¶· ¢μ° Î ¸É¨ ·¨¸Ê´±μ¢ Å μÉ· ¦ É¥²¨,   ¢ ²¥¢μ° Î ¸É¨
·¨¸Ê´±μ¢ Å § ³¥¤²¨É¥²¨, Í¥´É· ²Ó´ Ö Î ¸ÉÓ ·¨¸Ê´±μ¢ Å §μ´  ·¥ ±Éμ· .

� ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¶·¨ · ¸¶μ²μ¦¥´¨¨ μ¸´μ¢´ÒÌ Î ¸É¥° ¸¶¥±É·μ³¥É·  ¸μ£² ¸´μ
¸Ì¥³¥, ¶·¨¢¥¤¥´´μ° ¢ · ¡μÉ¥ [1]. �  ·¨¸. 10 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¤¨ËË¥·¥´Í¨ ²Ó-
´ÒÌ ¶²μÉ´μ¸É¥° ¶μÉμ±  ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´´ÒÌ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ
¤²Ö £·¥¡¥´Î Éμ£μ ¨ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²¥°, ¸Ì¥³Ò ±μÉμ·ÒÌ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 9,  
¨ ¡ ¸μμÉ¢¥É¸É¢¥´´μ.
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‚ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢ μÉ 0,5 ¤μ 10 �A ±·¨μ£¥´´Ò° § ³¥¤²¨É¥²Ó ¤ ¥É ³¥´Ó-
Ï¨° ¶μÉμ± ´¥°É·μ´μ¢, Î¥³ £·¥¡¥´Î ÉÒ° ¶·¨³¥·´μ ¢ 4,6 · § . „²Ö ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´
´¥°É·μ´μ¢ μÉ 2 ¤μ 10 �A ÔÉ¨ ¶μÉμ±¨ ¸É ´μ¢ÖÉ¸Ö ¸· ¢´¨³Ò³¨,   ¢ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´
´¥°É·μ´μ¢ μÉ 3 ¤μ 10 �A ¶μÉμ± μÉ Š‡ ¡μ²ÓÏ¥ ¶μÉμ±  μÉ ƒ‡ ¢ É·¨ · § . �μ¸²¥¤´¨° ¢Ò¢μ¤
¶μ¤É¢¥·¦¤ ¥É¸Ö ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¤²Ö ÔÉ¨Ì ¦¥ § ³¥¤²¨É¥²¥° ´  ¶ÊÎ± Ì, £¤¥ ¥¸ÉÓ
´¥°É·μ´μ¢μ¤Ò.

’ ±¨³ μ¡· §μ³, ¨ ³μ¤¥²¨·μ¢ ´¨¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  Œμ´É¥-Š ·²μ, ¨  ´ ²¨§
·¥ ²Ó´ÒÌ ¸¶¥±É·μ¢ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨³¥´¥´¨¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ´  ¶ÊÎ±¥ ¡¥§
´¥°É·μ´μ¢μ¤  ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ¶μÉμ±  ´  μ¡· §Í¥ ¡μ²¥¥ Î¥³ ¢ Î¥ÉÒ·¥ · §  (¶·¨
¨¸¶μ²Ó§Ê¥³μ³ ¸¥°Î ¸ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢) ¶μ ¸· ¢´¥´¨Õ ¸ ¢μ¤Ö´Ò³ £·¥¡¥´Î -
ÉÒ³ § ³¥¤²¨É¥²¥³. ˆ§¢¥¸É´μ, ÎÉμ ¢¥²¨Î¨´  Ëμ´  § ¢¨¸¨É Éμ²Ó±μ μÉ ³μÐ´μ¸É¨ ·¥ ±Éμ· .
‚ ¸¨²Ê ±μ´¸É·Ê±É¨¢´ÒÌ μ¸μ¡¥´´μ¸É¥° ¨ ¸²μ¦´μ¸É¨ Š‡ ÊÌÊ¤Ï ¥É¸Ö ¨ ¸μμÉ´μÏ¥´¨¥ ¨´-
É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö μÉ μ¡· §Í  ± Ëμ´μ¢μ° ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢. ˆ
´ μ¡μ·μÉ, ´  ¶ÊÎ± Ì, £¤¥ ¥¸ÉÓ ´¥°É·μ´μ¢μ¤Ò, ¢Ò¨£·ÒÏ ¶μ ¶μÉμ±Ê ¸μ¸É ¢²Ö¥É μ±μ²μ 2
· § [15]. �Éμ ¸¢Ö§ ´μ ¸ μ¸μ¡¥´´μ¸ÉÓÕ ËÊ´±Í¨¨ ¶·μ¶Ê¸± ´¨Ö ´¥°É·μ´μ¢μ¤  ¤²Ö ±μ·μÉ±¨Ì
¤²¨´ ¢μ²´.

�–…�Š� ‚‹ˆŸ�ˆŸ ‚�‡„“•� �� ‘�…Š’�›
ˆ ‘��’��˜…�ˆ… ‘�…Š’��‚ ƒ�…�…�—�’�ƒ�

ˆ •�‹�„��ƒ� ‡�Œ…„‹ˆ’…‹…‰

‘ÊÐ¥¸É¢¥´´ Ö Î ¸ÉÓ ¶ÊÉ¨ ´¥°É·μ´μ¢ (5,5 ³) μÉ § ³¥¤²¨É¥²Ö ¤μ μ¡· §Í  ´  ³ ²μÊ£²μ¢μ³
¸¶¥±É·μ³¥É·¥ ¶·μÌμ¤¨É ¶μ ¢μ§¤ÊÌÊ. �  ·¨¸. 11 ¶μ± § ´μ ¶·μ¶Ê¸± ´¨¥ ÔÉμ° ¶·μ²¥É´μ°
Î ¸É¨ ¤²Ö ¸ÊÌμ£μ (Rh = 0 %) ¨ ¢² ¦´μ£μ ¢μ§¤ÊÌ  (Rh= 100 %).

Œ¥Éμ¤μ³ Œμ´É¥-Š ·²μ ³Ò μÍ¥´¨²¨ ¢²¨Ö´¨¥ ¶·μ¶Ê¸± ´¨Ö ¢² ¦´μ£μ ¨ ¸ÊÌμ£μ ¢μ§¤ÊÌ 
´  ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢ ¨ ¶·¨¢μ¤¨³ ¢ É ¡². 3 · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢
¢ ´¥¸±μ²Ó±¨Ì ¤¨ ¶ §μ´ Ì ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢ ¢ ¸²ÊÎ ¥ Ê¸É· ´¥´¨Ö 5,5-³ ¢μ§¤ÊÏ´μ£μ
¶·μ³¥¦ÊÉ± . Š Î¥¸É¢¥´´μ ± ·É¨´  ¶μ ¸μμÉ´μÏ¥´¨Õ ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ μÉ Š‡ ¨ ƒ‡ ´¥

�¨¸. 11. ŠμÔËË¨Í¨¥´É ¶·μ¶Ê¸± ´¨Ö 550 ¸³ ¢μ§¤ÊÌ  ± ± ËÊ´±Í¨Ö ¤²¨´Ò ¢μ²´Ò ¶·¨ ¶·μÌμ¦¤¥´¨¨

´¥°É·μ´μ¢ Î¥·¥§ ¢² ¦´Ò° ¢μ§¤ÊÌ (Rh = 100 %, t = 20 ◦‘, P = 1  É³) (•), ¸ÊÌμ° ¢μ§¤ÊÌ (Rh = 0%,

t = 20 ◦‘, P = 1  É³) (�)



�´ ²¨§ ¸¶¥±É·μ¢ ¨ ¶μÉμ±μ¢ μÉ ±·¨μ£¥´´ÒÌ ¨ É¥¶²μ¢ÒÌ § ³¥¤²¨É¥²¥° 211

’ ¡²¨Í  3. � ¸Î¥É´Ò¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ ¤²Ö £·¥¡¥´Î Éμ£μ/Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²¥°
¢ ¸²ÊÎ ¥ ¶μ²´μ£μ Ê¸É· ´¥´¨Ö ¢μ§¤ÊÏ´μ£μ § §μ·  ¤²Ö 4-£μ ± ´ ²  (Ê¸É· ´¥´¨¥ 100 % ¢² ¦´μ£μ
¢μ§¤ÊÌ )

„¨ ¶ §μ´ ¤²¨´ „²Ö ±·¨μ£¥´´μ£μ „²Ö £·¥¡¥´Î Éμ£μ
¢μ²´, �A § ³¥¤²¨É¥²Ö, 106 ¸³−2· ¸−1 § ³¥¤²¨É¥²Ö, 106 ¸³−2· ¸−1

0,5Ä10 2,84 12,6
2Ä10 1,54 1,92
3Ä10 0,96 0,37

’ ¡²¨Í  4. �É´μÏ¥´¨¥ · ¸Î¥É´ÒÌ §´ Î¥´¨° ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ ¢ ¸²ÊÎ ¥ Ê¸É· ´¥´¨Ö ¢² ¦´μ£μ
¢μ§¤ÊÌ  (É ¡². 3) ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨Ö³ ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ (É ¡². 2) ¤²Ö ±·¨μ£¥´´μ£μ
¨ £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²¥°

„¨ ¶ §μ´ ¤²¨´ Š·¨μ£¥´´Ò° ƒ·¥¡¥´Î ÉÒ°
¢μ²´, �A § ³¥¤²¨É¥²Ó § ³¥¤²¨É¥²Ó
0,5Ä10 1,42 1,35
2Ä10 1,54 1,6
3Ä10 1,6 1,85

’ ¡²¨Í  5. �²μÉ´μ¸É¨ ¶μÉμ±μ¢ ´¥°É·μ´μ¢ ¢ ¶μ§¨Í¨¨ μ¡· §Í  ´  4-³ ± ´ ²¥ ˆ��-2 ¶·¨ Ê¸É· ´¥-
´¨¨ ¢μ§¤ÊÏ´μ£μ § §μ·  ¢ 3 ¨ 5 ³ (106 ¸³−2· ¸−1)

„¨ ¶ §μ´ Š‡ Š‡ Š‡ ƒ‡ ƒ‡ ƒ‡
¤²¨´ (Ô±¸¶¥·¨- (¥¸²¨ (¥¸²¨ (Ô±¸¶¥·¨- (¥¸²¨ (¥¸²¨
¢μ²´, ³¥´É ²Ó´Ò¥ Ê¸É· ´¨ÉÓ Ê¸É· ´¨ÉÓ ³¥´É ²Ó´Ò¥ Ê¸É· ´¨ÉÓ Ê¸É· ´¨ÉÓ

�A ¤ ´´Ò¥ É ¡². 2) 3 ³ ¢μ§¤ÊÌ ) 5 ³ ¢μ§¤ÊÌ ) ¤ ´´Ò¥ É ¡². 2) 3 ³ ¢μ§¤ÊÌ ) 5 ³ ¢μ§¤ÊÌ )
0,5Ä10 2 2,5 2,8 9,3 11 12,6
2Ä10 1,0 1,3 1,5 1,2 1,5 1,7
3Ä10 0,6 0,8 0,92 0,2 0,27 0,34

¨§³¥´¨² ¸Ó: ƒ‡ ¤ ¥É Ê¢¥²¨Î¥´¨¥ ¶²μÉ´μ¸É¨ ¶μÉμ±  ¢ 1,35 · § ,   Š‡ Å ¢ 1,42 · § 
(É ¡². 4). ‚ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢ μÉ 0,5 ¤μ 10 �A ±·¨μ£¥´´Ò° § ³¥¤²¨É¥²Ó ¤ ¥É
¶²μÉ´μ¸ÉÓ ¶μÉμ±  ³¥´ÓÏÊÕ, Î¥³ £·¥¡¥´Î ÉÒ°, ¶·¨³¥·´μ ¢ 4,44 · § .

„²Ö ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢ μÉ 2 ¤μ 10 �A ÔÉ¨ ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢ ¸É ´μ¢ÖÉ¸Ö
¸· ¢´¨³Ò³¨,   ¢ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢ μÉ 3 ¤μ 10 �A ¶²μÉ´μ¸ÉÓ ¶μÉμ±  μÉ Š‡
¡μ²ÓÏ¥ ¶²μÉ´μ¸É¨ ¶μÉμ±  μÉ ƒ‡ ¢ 2,6 · § . ’ ±¨³ μ¡· §μ³, Ë ±Éμ· μ¸² ¡²¥´¨Ö ´¥°-
É·μ´´μ£μ ¶ÊÎ±  ´¥ ³¥´Ö¥É μÉ´μÏ¥´¨Ö Ë ±Éμ·μ¢ ¶·μ¨£·ÒÏ  μ¶¨¸Ò¢ ¥³ÒÌ ±·¨μ£¥´´ÒÌ
§ ³¥¤²¨É¥²¥°. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ´ ¡²Õ¤ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ¥ Ê¢¥²¨Î¥´¨¥ ¶²μÉ´μ¸É¨ ¶μÉμ-
±μ¢. ‚¥·Ì´¨¥ §´ Î¥´¨Ö Ë ±Éμ·μ¢ ¢Ò¨£·ÒÏ  ¢ ¸²ÊÎ ¥ Ê¸É· ´¥´¨Ö ¢¸¥£μ ¢μ§¤ÊÏ´μ£μ § §μ· 
¸μ 100 %-° ¢² ¦´μ¸ÉÓÕ ¢μ§¤ÊÌ  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 4.

“¤ ²¥´¨¥ ¢¸¥£μ ¢μ§¤ÊÏ´μ£μ § §μ·  (5,5 ³) ±· °´¥ § É·Ê¤´¨É¥²Ó´μ ¨§-§  ¸ÊÐ¥¸É¢¥´-
´μ° ¤²¨´Ò ¶·μ²¥É  ´¥°É·μ´μ¢ ´  ¢μ§¤ÊÌ¥ ¶μ¤ Ï¨¡¥·μ³ ¨ §  ¸É¥´μ°, · §¤¥²ÖÕÐ¥°
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±μ²ÓÍ¥¢μ° ±μ·¨¤μ· ¨ ·¥ ±Éμ·´μ¥ ¶μ³¥Ð¥´¨¥. ‚ É ¡². 5 ¶·¨¢¥¤¥´Ò ¶²μÉ´μ¸É¨ ¶μÉμ-
±μ¢ ´¥°É·μ´μ¢ ¢ ¶μ§¨Í¨¨ μ¡· §Í  ´  4-³ ± ´ ²¥ ˆ
�-2 ¶·¨ Ê¸É· ´¥´¨¨ ¢μ§¤ÊÏ´μ£μ
§ §μ·  ¢ 5 ¨ 3 ³.

‚¥²¨Î¨´Ò Ë ±Éμ·μ¢ ¢Ò¨£·ÒÏ  ¶μ ¶²μÉ´μ¸É¨ ¶μÉμ±  (42 % ¶μ μ¡Ð¥° ¶²μÉ´μ¸É¨ ¶μ-
Éμ±  ¤²Ö £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ¢ ¤¨ ¶ §μ´¥ μÉ 2 ¤μ 10 �A ¨ 50% ¶μ μ¡Ð¥° ¶²μÉ´μ¸É¨
¶μÉμ±  ¤²Ö ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¢ ÔÉμ³ ¦¥ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢) ¢ ¸²ÊÎ ¥
Ê¸É· ´¥´¨Ö 5 ³ ¢μ§¤ÊÌ  É·¥¡ÊÕÉ ¸¥·Ó¥§´μ£μ μÉ´μÏ¥´¨Ö ± ÔÉμ° ¶·μ¡²¥³¥. Šμ´¥Î´μ, ¢¢¥-
¤¥´¨¥ ¤μ¶μ²´¨É¥²Ó´ÒÌ μ±μ´ ( ²Õ³¨´¨¥¢ÒÌ, ¢ ´ ¤¨¥¢ÒÌ ¨²¨ ±¢ ·Í¥¢ÒÌ) Ê³¥´ÓÏ¨É ÔÉ¨
Ë ±Éμ·Ò ¢Ò¨£·ÒÏ . “³¥´ÓÏ¥´¨¥ Ë ±Éμ·  ¢Ò¨£·ÒÏ  ¤ ¸É ¨ ¢¢¥¤¥´¨¥ ·¥ ²Ó´μ£μ §´ Î¥´¨Ö
¢² ¦´μ¸É¨.

��’ˆŒˆ‡�–ˆŸ •�‹�„��ƒ� ‡�Œ…„‹ˆ’…‹Ÿ

�·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ¸¶¥±É·Ò ¨ · ¸Î¥ÉÒ ¶μÉμ±μ¢ ¤¥³μ´¸É·¨·ÊÕÉ ¸ÊÐ¥¸É¢¥´´Ò° ¶·μ-
¨£·ÒÏ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö.

�¸É ¥É¸Ö μÉ±·ÒÉÒ³ ¢μ¶·μ¸ μ¡ μ¶É¨³¨§ Í¨¨ ¸ ³μ£μ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö. �·μ-
¨£·ÒÏ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶μ ¶μÉμ±Ê ¶μ ¸· ¢´¥´¨Õ ¤ ¦¥ ¸ ¶·¥¤§ ³¥¤²¨É¥²¥³ § -
¸É ¢²Ö¥É μ¡· É¨ÉÓ¸Ö ± ³¨·μ¢μ³Ê μ¶ÒÉÊ ¶μ ·¥Ï¥´¨Õ  ´ ²μ£¨Î´ÒÌ § ¤ Î. ’ ±, ¢ É ¡². 6
¶·¨¢¥¤¥´Ò ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢ ´¥°É·μ´μ¢ ·¥ ±Éμ·  FRM (ƒ¥·³ ´¨Ö, ŒÕ´Ì¥´) ¤²Ö É¥¶²μ-
¢μ£μ ¨ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²¥° [17, 18]. •μ²μ¤´Ò° § ³¥¤²¨É¥²Ó ¤²Ö ÔÉμ£μ ·¥ ±Éμ·  ¡Ò²
·¥ ²¨§μ¢ ´ ´  μ¸´μ¢¥ ¦¨¤±μ£μ ¤¥°É¥·¨Ö ¶·¨ É¥³¶¥· ÉÊ·¥ 25 Š. �¡Ð¨° ¶·μ¨£·ÒÏ ¶μ ¶μ-
Éμ±Ê ¤²Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¶μ μÉ´μÏ¥´¨Õ ± É¥¶²μ³Ê § ³¥¤²¨É¥²Õ ¸μ¸É ¢²Ö¥É 40%.
‚Ò¨£·ÒÏ ¤²Ö ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´ μÉ 2 ¤μ 9,5 �A 2,   μÉ 3 ¤μ 9,5 �A ¢Ò¨£·ÒÏ Ìμ²μ¤´μ£μ
§ ³¥¤²¨É¥²Ö Ê¦¥ ¡μ²ÓÏ¥ 5.

’ ¡²¨Í  6. �²μÉ´μ¸É¨ ¶μÉμ±μ¢ ´¥°É·μ´μ¢ ¤²Ö ·¥ ±Éμ·  FRM ¤²Ö É¥¶²μ¢μ£μ ¨ Ìμ²μ¤´μ£μ § ³¥¤-
²¨É¥²¥° [17,18]

�É´μÏ¥´¨¥ §´ Î¥´¨Ö ¶²μÉ´μ¸É¨
„¨ ¶ §μ´ ¤²¨´ ’¥¶² Ö ³μ¤ , •μ²μ¤´ Ö ³μ¤ , ¶μÉμ±  ´¥°É·μ´μ¢ ¢ Ìμ²μ¤´μ° ³μ¤¥

¢μ²´, �A 1014 ¸³−2· ¸−1 1014 ¸³−2· ¸−1 ± §´ Î¥´¨Õ ¶²μÉ´μ¸É¨ ¶μÉμ± 
´¥°É·μ´μ¢ ¢ É¥¶²μ° ³μ¤¥

0,5Ä9,5 6,21 3,77 0,6
2Ä9,5 1,17 2,29 2,0
3Ä9,5 0,32 1,7 5,3

�¸É ¥É¸Ö μÉ±·ÒÉÒ³ ¢μ¶·μ¸ μ ¢μ§³μ¦´μ¸É¨ ¸μ§¤ ´¨Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¸ ³¥§¨-
É¨²¥´μ³ ´  ¨³¶Ê²Ó¸´μ³ ·¥ ±Éμ·¥ ˆ
�-2Œ ¸ ¶ · ³¥É· ³¨ ´¥ ÌÊ¦¥, Î¥³ Ê ¨§£μÉμ¢²¥´´μ£μ
¤¥°É¥·¨¥¢μ£μ § ³¥¤²¨É¥²Ö ¤²Ö ·¥ ±Éμ·  FRM-2. � ¤¥¥³¸Ö, ÎÉμ ¶μ¸²¥ ³μ¤¥·´¨§ Í¨¨ ·¥-
 ±Éμ·  μ¡´μ¢²¥´´Ò° ˆ
�-2Œ ¡Ê¤¥É ¨³¥ÉÓ § ³¥¤²¨É¥²Ó ¸ ³¥§¨É¨²¥´μ³,   μ¶É¨³¨§ Í¨Ö
¶ · ³¥É·μ¢ ¨ £¥μ³¥É·¨Î¥¸±¨Ì · §³¥·μ¢ ¶μ§¢μ²¨É ¶μ²ÊÎ¨ÉÓ ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¨¥ ¶·μ-
¨£·ÒÏ¨ ¢ ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢, Î¥³ ¤²Ö μ¶¨¸ ´´ÒÌ §¤¥¸Ó ³¥É ´μ¢ÒÌ § ³¥¤²¨É¥²¥° [19].
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�·¥¤¸É ¢²¥´´Ò¥ ¢ÒÏ¥ ¸¶¥±É·Ò, ¶μÉμ±¨ ¨ ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢ ¤¥³μ´¸É·¨·ÊÕÉ ¶·μ-
¨£·ÒÏ ÔÉ¨Ì ¶ · ³¥É·μ¢ ¤²Ö Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥° ¤²Ö · ¡μÎ¥£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´
´¥°É·μ´μ¢ ¸¶¥±É·μ³¥É·  	Œ�. �¤´ ±μ Í¥²ÓÕ ¨¸¶μ²Ó§μ¢ ´¨Ö ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö
Ö¢²Ö¥É¸Ö ´¥ Éμ²Ó±μ Ê¢¥²¨Î¥´¨¥ ¶μÉμ±μ¢, ´μ ¨ · ¸Ï¨·¥´¨¥ ¤¨ ¶ §μ´  ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó-
¸μ¢ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¤¨ ¶ §μ´  · §³¥·μ¢ ¨§³¥·Ö¥³ÒÌ μ¡Ñ¥±Éμ¢. ‘¤¢¨£ ¸¶¥±É·  ¢ ¸Éμ·μ´Ê
¡μ²ÓÏ¨Ì ¤²¨´ ¢μ²´ ¶μ§¢μ²Ö¥É É ±¦¥ Ê²ÊÎÏ¨ÉÓ · §·¥Ï¥´¨¥ ¶μ ¢¥±Éμ·Ê · ¸¸¥Ö´¨Ö q §  ¸Î¥É
Ê²ÊÎÏ¥´¨Ö Ê£²μ¢μ£μ · §·¥Ï¥´¨Ö ¨ Ê¢¥²¨Î¨ÉÓ ¸É É¨¸É¨Î¥¸±ÊÕ ¤μ¸Éμ¢¥·´μ¸ÉÓ ±·¨¢ÒÌ · ¸-
¸¥Ö´¨Ö. �  ·¨¸. 12 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö ¤¢ÊÌ ¸¶¥±É·μ¢, ¶μ²ÊÎ¥´´ÒÌ μÉ μ¤-
´μ£μ ¨ Éμ£μ ¦¥ μ¡· §Í  Å ¡¥²±   ¶μË¥··¨É¨´ , ¨³¥ÕÐ¥£μ ¨§¢¥¸É´ÊÕ ¸É·Ê±ÉÊ·Ê [20]. • -
· ±É¥·´Ò° ¨§²μ³ ±·¨¢μ° · ¸¸¥Ö´¨Ö Ö¢²Ö¥É¸Ö Ê± § ´¨¥³ ´  £· ´¨ÍÊ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤²¨´Ò
¢μ²´Ò. „²Ö ±·¨¢μ° · ¸¸¥Ö´¨Ö, ¶μ²ÊÎ¥´´μ° ¢ É¥¶²μ° ³μ¤¥, μ´ ¸μ¸É ¢²Ö¥É 0,046 �A−1,
  ¤²Ö ±·¨¢μ° · ¸¸¥Ö´¨Ö, ¶μ²ÊÎ¥´´μ° ´  Ê¸É ´μ¢±¥ 	Œ� ¸ ±·¨μ£¥´´Ò³ § ³¥¤²¨É¥²¥³,
0,02 �A−1. ‚ μ¡² ¸É¨ μ±μ²μ 0,07 �A−1 Ì · ±É¥·´Ò° ¶·μ¢ ² ´  ±·¨¢μ° · ¸¸¥Ö´¨Ö £²Ê¡¦¥
¤²Ö ¸²ÊÎ Ö Š‡. �Éμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¶·¨ ¢Ò¡· ´´ÒÌ Ê¸²μ¢¨ÖÌ ¨ ±μ´Ë¨£Ê· Í¨¨
· §·¥Ï¥´¨¥ ¸¶¥±É·μ³¥É·  ¸ Š‡ ²ÊÎÏ¥. �¤´ ±μ ¢Ò¡· ´´Ò° ´ ³¨ μ¡· §¥Í ¨³¥¥É ¢Ò¸μ±μ¥
¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö (4 ¸³−1), ¤  ¨ ¢·¥³Ö ¨§³¥·¥´¨Ö ¶· ±É¨Î¥¸±¨ ´¥ ²¨³¨É¨·μ¢ ²μ¸Ó. ‚ ·¥-
¦¨³¥ · ¡μÉÒ ·¥ ±Éμ·  ¸ £·¥¡¥´Î ÉÒ³ § ³¥¤²¨É¥²¥³ ±·¨¢ Ö · ¸¸¥Ö´¨Ö, ¶·¥¤¸É ¢²¥´´ Ö ´ 
·¨¸. 12, ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´  ¢ ¶μ§¨Í¨¨ ´  · ¸¸ÉμÖ´¨¨ 5,28 ³ μÉ μ¡· §Í  §  ¸ÊÐ¥¸É¢¥´´μ
³¥´ÓÏ¥¥ ¢·¥³Ö. �·μ¨£·ÒÏ ¶μ ¶²μÉ´μ¸É¨ ¶μÉμ±  (± ± ¨ ¶μ ¶μÉμ±Ê) ¤²Ö Š‡ ´¥ ±μ³¶¥´¸¨-
·Ê¥É¸Ö ¶μ´¨¦¥´¨¥³ Ëμ´ , ÎÉμ ¨ ¶·¨¢μ¤¨É ± ÌÊ¤Ï¥³Ê ¸μμÉ´μÏ¥´¨Õ ¸¨£´ ²/ÏÊ³. �·Ö³ Ö
£¥μ³¥É·¨Ö Ê¸É ´μ¢±¨ 	Œ� ¸μ§¤ ¥É ¢Ò¸μ±ÊÕ ¸μ¸É ¢²ÖÕÐÊÕ Ëμ´ , ´μ É ±μ° Ëμ´ ³μ¦´μ
¸Î¨É ÉÓ ®Ìμ·μÏ¨³¯ ¡² £μ¤ ·Ö ¡μ²ÓÏμ° ¸É É¨¸É¨±¥. �´ ²μ£¨Î´ Ö ¸¨ÉÊ Í¨Ö ¶μ Ëμ´μ¢Ò³
Ê¸²μ¢¨Ö³ ¸ÊÐ¥¸É¢Ê¥É ´  ¸¨´Ì·μÉ·μ´´ÒÌ ³ ²μÊ£²μ¢ÒÌ Ê¸É ´μ¢± Ì, £¤¥ Î Ð¥ ¨¸¶μ²Ó§ÊÕÉ
´¥ £ §μ¢Ò° ¤¥É¥±Éμ·,   ‘‘„-± ³¥·Ê, μ¡² ¤ ÕÐÊÕ ¢Ò¸μ±¨³ É¥³´μ¢Ò³ Éμ±μ³. ‚Ò¸μ±¨°

�¨¸. 12. � ¸Ï¨·¥´¨¥ ¤¨ ¶ §μ´  ¶¥·¥¤ ´´ÒÌ ¨³¶Ê²Ó¸μ¢ §  ¸Î¥É Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¤²Ö ¢Éμ-
·μ° ¶μ§¨Í¨¨ ¤¥É¥±Éμ·  (3,73 ³). �¡· §¥Í Å  ¶μË¥··¨É¨´ 25 ³£/³², NaCl 0,075M ¢ D20, ¡ÊË¥·

D20+NaCl(0,075M). ◦ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨ ¶·¨ ¨§³¥·¥´¨ÖÌ ¸ Š‡ ¡¥§ ³¥É ´  (¶·¥¤§ ³¥¤-
²¨É¥²Ó); � Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨ ¶·¨ ¨§³¥·¥´¨ÖÌ ¸ Š‡
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Ê·μ¢¥´Ó Ëμ´  ±μ³¶¥´¸¨·Ê¥É¸Ö μÉ´μ¸¨É¥²Ó´μ° £² ¤±μ¸ÉÓÕ ±·¨¢μ° · ¸¸¥Ö´¨Ö ¤²Ö Ëμ´μ¢μ°
¸μ¸É ¢²ÖÕÐ¥° ¨, £² ¢´μ¥, ¨¸±²ÕÎ¨É¥²Ó´μ ¢Ò¸μ±¨³ ¶μÉμ±μ³.

Š ± μÉ³¥Î¥´μ ¢ÒÏ¥, ¢Ò¡· ´´Ò° μ¡· §¥Í ¨³¥¥É ¢Ò¸μ±μ¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö,   ¸É É¨-
¸É¨Î¥¸±¨° · §¡·μ¸ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ÉμÎ¥± ¶·¨ ¸¥Î¥´¨¨ · ¸¸¥Ö´¨Ö ´¨¦¥ 0,1 ¸³−1 ¢
¸²ÊÎ ¥ ¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨Ö ¸ Ìμ²μ¤´Ò³ § ³¥¤²¨É¥²¥³ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¸ÊÐ¥¸É¢¥´´μ³
¸μ±· Ð¥´¨¨ ¤μ¸ÉÊ¶´μ£μ ¤²Ö ¨§³¥·¥´¨° ¤¨ ¶ §μ´  ¶μ ¸¥Î¥´¨Õ · ¸¸¥Ö´¨Ö ¨, ¸²¥¤μ¢ É¥²Ó´μ,
¤¨ ¶ §μ´  ¶μ ¢¥±Éμ·Ê · ¸¸¥Ö´¨Ö q. 
μ²ÓÏ¨´¸É¢μ ·¥Ï ¥³ÒÌ § ¤ Î ´  ¸¶¥±É·μ³¥É·¥ 	Œ�
¸¢Ö§ ´μ ± ± · § ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¶·μ¢¥¤¥´¨Ö ¡Ò¸É·ÒÌ ¨§³¥·¥´¨° ¶·¨ ³ ²ÒÌ (³¥´¥¥ 1 ¸³−1

¤μ ´¥¸±μ²Ó±¨Ì ¥¤¨´¨Í 10−3 ¸³−1) §´ Î¥´¨ÖÌ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥
¢¥±Éμ·μ¢ · ¸¸¥Ö´¨Ö.

ˆ§-§  μ£· ´¨Î¥´¨° ¤¨ ¶ §μ´  ¶μ ¸¥Î¥´¨Õ · ¸¸¥Ö´¨Ö ¤ ¦¥ ¤¢ÊÌ¤¥É¥±Éμ·´ Ö ¸Ì¥³  ¶·μ-
¢¥¤¥´¨Ö ¨§³¥·¥´¨° ´¥ Ê²ÊÎÏ ¥É ¤ ´´ÊÕ ¸¨ÉÊ Í¨Õ [20, 21].

��‘“†„…�ˆ… ˆ ‚›‚�„›

‡ ¤ Î  ¸μ§¤ ´¨Ö Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¤²Ö ³ ²μÊ£²μ¢μ£μ ¸¶¥±É·μ³¥É·  Œ“�� (	Œ�)
¡Ò²  ¶μ¸É ¢²¥´  ¶· ±É¨Î¥¸±¨ ¸μ ¤´Ö ¥£μ μ¸´μ¢ ´¨Ö. �Éμ ¡Ò²μ ¸¢Ö§ ´μ ¸ ´ ²¨Î¨¥³ ³¨-
·μ¢μ£μ μ¶ÒÉ  · ¡μÉÒ ³ ²μÊ£²μ¢ÒÌ Ê¸É ´μ¢μ± ´  ¸É Í¨μ´ ·´ÒÌ ·¥ ±Éμ· Ì. �¤´ ±μ ¸¶¥-
Í¨Ë¨Î¥¸±¨¥ Î¥·ÉÒ ·¥ ±Éμ·  ˆ
�-2 ¨ μ¸μ¡¥´´μ ³ ²μÊ£²μ¢μ£μ ¸¶¥±É·μ³¥É·  Ê¦¥ Éμ£¤ 
§ ¸É ¢²Ö²¨ § ¤Ê³ ÉÓ¸Ö μ ¶·¨´Í¨¶¨ ²Ó´μ° ¢μ§³μ¦´μ¸É¨ ¶μ²ÊÎ¥´¨Ö ¢Ò¨£·ÒÏ  ¶μ ¶μÉμ±Ê
μÉ ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö ¢μ ¢¸¥³ ¨¸¶μ²Ó§Ê¥³μ³ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°É·μ´μ¢ [8, 22].

‡  ¶·μÏ¥¤Ï¥¥ ¢·¥³Ö ´  ˆ
�-2 ¡Ò²μ ¨¸¶ÒÉ ´μ ¤¢  ³¥É ´μ¢ÒÌ § ³¥¤²¨É¥²Ö [9, 10,
14, 15]. Š ± Ê¦¥ ¡Ò²μ μÉ³¥Î¥´μ, ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ´¥°É·μ´μ¢μ¤  ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¨³¥ÕÉ ¡μ²ÓÏμ¥ §´ Î¥´¨¥ ´¥ Éμ²Ó±μ ¤²Ö ¸¶¥±É·μ³¥É·  	Œ�, ´μ ¨ ¢ Í¥²μ³ ¤²Ö ¶·μ¥±É 
Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö.

ˆ¸¶μ²Ó§μ¢ ´¨¥ É ±¨Ì § ³¥¤²¨É¥²¥° ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¶μÉμ±  ¤μ 10 · § ¤²Ö ´¥°-
É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò ¸¢ÒÏ¥ 5 �A. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° § ³¥¤²¨É¥²Ö
¶μ± § ²¨, ÎÉμ ¶μÉμ± ´¥°É·μ´μ¢ ¢ ¶μ§¨Í¨¨ μ¡· §Í  ¤²Ö ´¥°É·μ´μ¢ μÉ 0,7 ¤μ 7 �A Ê³¥´Ó-
Ï ¥É¸Ö ¡μ²¥¥ Î¥³ ¢ 4,6 · §  ¶μ ¸· ¢´¥´¨Õ ¸ £·¥¡¥´Î ÉÒ³ § ³¥¤²¨É¥²¥³. �É³¥É¨³, ÎÉμ ´ 
¸É Í¨μ´ ·´μ³ ·¥ ±Éμ·¥ FRM-2 ¶μÉμ± Ê³¥´ÓÏ ¥É¸Ö ³¥´¥¥ Î¥³ ¢ 1,7 · § .

�¸μ¡¥´´μ¸ÉÓÕ ¶μ²´μ° μ¡· ¡μÉ±¨ ³ ²μÊ£²μ¢ÒÌ ¤ ´´ÒÌ ¸μ¢·¥³¥´´Ò³¨ ³¥Éμ¤ ³¨ Ö¢²Ö-
¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¢¸¥£μ ¤¨ ¶ §μ´  ±·¨¢μ° · ¸¸¥Ö´¨Ö. �Éμ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ±·¨-
É¥·¨° χ-±¢ ¤· É μ¶·¥¤¥²Ö¥É¸Ö ¢¸¥° ±·¨¢μ° · ¸¸¥Ö´¨Ö. ‘²¥¤μ¢ É¥²Ó´μ, ¨¸¶μ²Ó§μ¢ ´¨¥
Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ÊÌÊ¤Ï ¥É ¢μ§³μ¦´μ¸ÉÓ ¶μ¤¡μ·  ¶ · ³¥É·μ¢ ¶·¨ ¶μ¨¸±¥ ³μ¤¥²¨
· ¸¸¥Ö´¨Ö.


μ²ÓÏ¨¥ ¶μÉ¥·¨ ¢ μ¡² ¸É¨ É¥¶²μ¢μ£μ ³ ±¸¨³Ê³  (¸¢ÒÏ¥ 10 · § ¤²Ö ³ ±¸¨³Ê³  ¨
¡μ²ÓÏ¥ 4 · § ¤²Ö · ¡μÎ¥£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´) ¶·¨ μ¤¨´ ±μ¢μ° ³μÐ´μ¸É¨ ·¥ ±Éμ· 
(¸²¥¤μ¢ É¥²Ó´μ, Ëμ´μ¢ Ö ±μ³¶μ´¥´É  μ¸É ¥É¸Ö ¡¥§ ¨§³¥´¥´¨°) ´¥ ³μ£ÊÉ ¡ÒÉÓ ¸±μ³¶¥´-
¸¨·μ¢ ´Ò ¢Ò¨£·ÒÏ¥³ ¶·¨ ¡μ²ÓÏ¨Ì ¤²¨´ Ì ¢μ²´ ¤²Ö ¸¶¥±É·μ³¥É· , ¨³¥ÕÐ¥£μ ¶·Ö³ÊÕ
¢¨¤¨³μ¸ÉÓ § ³¥¤²¨É¥²Ö ¨ ¨¸¶μ²Ó§ÊÕÐ¥£μ ¢·¥³Ö¶·μ²¥É´ÊÕ ³¥Éμ¤¨±Ê. �ÉμÉ ¢Ò¢μ¤ ¡Ò²
¶μ¤É¢¥·¦¤¥´ ¨ ¶μ¶ÒÉ± ³¨ ¶μ²ÊÎ¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ´¥ Éμ²Ó±μ μÉ μ¡· §Íμ¢,
μ¶¨¸ ´´ÒÌ ¢ÒÏ¥, ´μ ¨ ¤·Ê£¨Ì μ¡· §Íμ¢.

‡´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¶μÉ¥·Ó ¢ ¤¨ ¶ §μ´¥ μÉ 0,5 ¤μ 4 �A ÔËË¥±É¨¢´μ μ§´ Î ¥É
Ê³¥´ÓÏ¥´¨¥ ³μÐ´μ¸É¨ ·¥ ±Éμ·  ¤μ ¸μÉ¥´ ±¨²μ¢ ÉÉ,   Ëμ´ μ¸É ¥É¸Ö ´¥¨§³¥´´Ò³, É. ¥. ¸μ-
μÉ¢¥É¸É¢Ê¥É ³μÐ´μ¸É¨ ·¥ ±Éμ· , ± ± ¶·¨ ¶·μ¢¥¤¥´¨¨ ¨§³¥·¥´¨°, Å 1,5 Œ‚É. ’ ±μ¥ ÊÌÊ¤-
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Ï¥´¨¥ ¸μμÉ´μÏ¥´¨Ö ¸¨£´ ²/Ëμ´ ¸É ´μ¢¨É¸Ö ±·¨É¨Î¥¸±¨³ ¤²Ö ¸ÊÐ¥¸É¢ÊÕÐ¥° £¥μ³¥É·¨¨
¸¶¥±É·μ³¥É·  	Œ�. „ ´´Ò° ¢Ò¢μ¤ ¶μ¤É¢¥·¦¤ ¥É¸Ö ¨ É¥³, ÎÉμ ¸¨ÉÊ Í¨Ö ¸ ¨§³¥·¥´¨-
Ö³¨ μ¡· §Íμ¢ ¢ ÏÉ É´μ³ ³ ²μÊ£²μ¢μ³ ·¥¦¨³¥ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ ² ¸Ó ¶·¨ · ¡μÉ¥ ²¨ÏÓ
¢μ¤Ö´μ£μ ¶·¥¤§ ³¥¤²¨É¥²Ö ¡¥§ ³¥É ´ . �Éμ ¸É ²μ ¢μ§³μ¦´Ò³ ¨³¥´´μ §  ¸Î¥É Ê²ÊÎÏ¥´¨Ö
¸μμÉ´μÏ¥´¨Ö ¸¨£´ ²/Ëμ´.

‘¨ÉÊ Í¨Ö ´  ¸É Í¨μ´ ·´ÒÌ ¨¸ÉμÎ´¨± Ì ´¥°É·μ´μ¢ ¶·¨´Í¨¶¨ ²Ó´μ ¤·Ê£ Ö ¶·¨ Ê¸É -
´μ¢±¥ Ìμ²μ¤´ÒÌ § ³¥¤²¨É¥²¥°. Š ± ¶· ¢¨²μ, ¢ ÔÉμ³ ¸²ÊÎ ¥ · ¡μÉ ÕÉ ¸ μ¤´μ° ¤²¨´μ°
¢μ²´Ò ¢ ¤¨ ¶ §μ´¥ μÉ 4 ¤μ 8 �A ¨ ¢ÒÏ¥. ‚ ÔÉμ³ ¸²ÊÎ ¥, ´ μ¡μ·μÉ, ¶·μ¨¸Ìμ¤¨É Ê¢¥²¨Î¥´¨¥
¶μÉμ±  ¤μ 10 · §, ÎÉμ ± ·¤¨´ ²Ó´μ Ê²ÊÎÏ ¥É ¸¨ÉÊ Í¨Õ.

�·¨³¥´¥´¨¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ´  ³ ²μÊ£²μ¢μ³ ¸¶¥±É·μ³¥É·¥ ·¥ ±Éμ·  ˆ
�-2
³μ¦¥É ¡ÒÉÓ ¨ ¢μ§³μ¦´μ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ´¥°É·μ´μ¢μ¤  ¨/¨²¨ Ê³¥´ÓÏ¥´¨Ö Ëμ´ . ‚
ÔÉμ³ ¸²ÊÎ ¥ ³μ¦´μ ±μ³¶¥´¸¨·μ¢ ÉÓ μ¡Ð¥¥ ¶ ¤¥´¨¥ ¶μ²¥§´μ° ¨´É¥´¸¨¢´μ¸É¨. ’·¥¡μ¢ -
´¨¥ ¸´¨¦¥´¨Ö Ëμ´  ¤²Ö Š‡ μ§´ Î ¥É ³ ±¸¨³ ²Ó´μ¥ Ê¶·μÐ¥´¨¥ ±μ´¸É·Ê±Í¨¨ Å ¶· ±-
É¨Î¥¸±¨ ¤μ²¦¥´ ¡ÒÉÓ Éμ´±μ¸É¥´´Ò° ¸μ¸Ê¤ ¸ ³¥É ´μ³ (³¥§¨É¨²¥´μ³). ‘²¥¤ÊÕÐ¥¥ É·¥-
¡μ¢ ´¨¥ ± Ìμ²μ¤´μ³Ê § ³¥¤²¨É¥²Õ ¤²Ö ¸¶¥±É·μ³¥É·  	Œ� Å Š‡ ¤μ²¦¥´ ¡ÒÉÓ ±μ³-
¡¨´ Í¨μ´´Ò°, É. ¥. ¸μÎ¥É ÉÓ μ¤´μ¢·¥³¥´´μ ± ± É¥¶²ÊÕ ³μ¤Ê, É ± ¨ Ìμ²μ¤´ÊÕ. ’¥¶² Ö
Î ¸ÉÓ § ³¥¤²¨É¥²Ö ¤μ²¦´  ¡ÒÉÓ ¢Ò¶μ²´¥´  ¢ ¢¨¤¥ £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö,   Ìμ²μ¤´ Ö
Î ¸ÉÓ ¤μ²¦´  ´ Ìμ¤¨ÉÓ¸Ö ¢¢¥·ÌÊ § ³¥¤²¨É¥²Ö, ÎÉμ¡Ò ±μ³¶¥´¸¨·μ¢ ÉÓ ¶ ¤¥´¨¥ ¤²¨´´μ-
¢μ²´μ¢ÒÌ ´¥°É·μ´μ¢ ¢ ¶·μÍ¥¸¸¥ ¤¢¨¦¥´¨Ö ± μ¡· §ÍÊ ¨ ¤¥É¥±Éμ·Ê. ‘²¥¤ÊÕÐ¨³ ¢Ò¢μ¤μ³
Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ´¥μ¡Ìμ¤¨³   ¤ ¶É Í¨Ö (¨²¨ ³μ¤¥·´¨§ Í¨Ö) Ê¸É ´μ¢±¨ 	Œ� ± ¸¶¥±É·Ê
´¥°É·μ´μ¢ ¸ Ìμ²μ¤´Ò³ § ³¥¤²¨É¥²¥³. ‚ ÔÉμ³ ¸²ÊÎ ¥ ³μ¦¥É ¨ ¢μ§³μ¦´μ ¡Ê¤¥É ¤μ¸É¨£-
´ÊÉÓ ³ ²ÒÌ q. �Éμ ¸¢Ö§ ´μ ¶·¥¦¤¥ ¢¸¥£μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢ ± Î¥¸É¢¥ · ¸¸¥¨¢ É¥²Ö
¢ ´ ¤¨¥¢μ£μ ¸É ´¤ ·É  ± ± ¢ μ¤´μ¤¥É¥±Éμ·´μ³ [23], É ± ¨ ¢ ¤¢ÊÌ¤¥É¥±Éμ·´μ³ ¢ ·¨ ´É¥
· ¡μÉÒ ¸¶¥±É·μ³¥É·  [20, 21]. �¤´ ±μ ¶·μ¢¥¤¥´´Ò¥ ´ ³¨ ¨¸¸²¥¤μ¢ ´¨Ö ´¥ ¢ÒÖ¢¨²¨
¶μ¤Ìμ¤ÖÐ¥° ¤²Ö ÔÉμ° Í¥²¨ § ³¥´Ò ¨¸¶μ²Ó§Ê¥³μ³Ê ¸¥°Î ¸ ¢ ´ ¤¨¥¢μ³Ê ¸É ´¤ ·ÉÊ. �μ
¨  ¤ ¶É Í¨Ö ³μ¦¥É ²¨ÏÓ Î ¸É¨Î´μ ¸±μ³¶¥´¸¨·μ¢ ÉÓ ¶μÉ¥·¨ ¶·¨ Ê¸É ´μ¢±¥ Ìμ²μ¤´μ£μ
§ ³¥¤²¨É¥²Ö. ” ±É¨Î¥¸±¨ ³Ò ³μ¦¥³ ²¨Ï¨ÉÓ¸Ö ¸¶¥±É·μ³¥É·  ¤²Ö ·¥Ï¥´¨Ö Ï¨·μ±μ£μ
¸¶¥±É·  § ¤ Î: μÉ ³ É¥·¨ ²μ¢¥¤¥´¨Ö ¤μ ¡¨μ²μ£¨¨, ¶μÉ¥·Ö¢ ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢μ¤¨ÉÓ ¨¸¸²¥-
¤μ¢ ´¨Ö ¶·¨ ³ ²ÒÌ ¸¥Î¥´¨ÖÌ · ¸¸¥Ö´¨Ö. ˆ¸Î¥§´¥É ¨ ¢Éμ·μ¥ ¶·¥¨³ÊÐ¥¸É¢μ ¸¶¥±É·μ³¥-
É·  Å ¸±μ·μ¸ÉÓ ´ ±μ¶²¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. �¥¡μ²ÓÏμ° ¢Ò¨£·ÒÏ ¢ · §·¥-
Ï¥´¨¨ ¸¶¥±É·μ³¥É·  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö, Ê± § ´´Ò° ¢ ¸É ÉÓ¥, Ê¦¥
¸±μ³¶¥´¸¨·μ¢ ´ ¨¸¶μ²Ó§μ¢ ´¨¥³ ´μ¢μ£μ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´μ£μ ¤¥É¥±Éμ·  ¸ ¢Ò¸μ-
±¨³ · §·¥Ï¥´¨¥³. � §·¥Ï¥´¨¥ ´  ´ ¸ÉμÖÐ¨° ³μ³¥´É ¡Ê¤¥É ²¨³¨É¨·μ¢ ÉÓ¸Ö ±μ²²¨³ Í¨¥°
Ê¸É ´μ¢±¨, ÎÉμ ¶μÉ·¥¡Ê¥É ´¥ Ê³¥´ÓÏ¥´¨Ö,  , ´ μ¡μ·μÉ, Ê¢¥²¨Î¥´¨Ö ¶μÉμ±  ´¥°É·μ´μ¢
´  μ¡· §Í¥.

“¸É· ´¥´¨¥ ¡μ²ÓÏμ£μ ¶·μ²¥É´μ£μ · ¸¸ÉμÖ´¨Ö (¸¢ÒÏ¥ 5,5 ³) ´  ¢μ§¤ÊÌ¥ ÌμÉÖ ¨
¤ ¥É ¸ÊÐ¥¸É¢¥´´μ¥ Ê¢¥²¨Î¥´¨¥ ¶μÉμ±  ¨³¥´´μ ¤²Ö Ìμ²μ¤´ÒÌ ¤²¨´ ¢μ²´ (¸³. ·¨¸. 11,
É ¡². 3), ´μ ·¥ ²Ó´μ Ê¸É· ´¨ÉÓ ¢μ§¤ÊÏ´Ò° § §μ· ³μ¦´μ ²¨ÏÓ ¢ ±μ²ÓÍ¥¢μ³ ±μ·¨¤μ·¥
(μ±μ²μ 2 ³).

„·Ê£¨³ ¶·¥¤²μ¦¥´¨¥³ · §¢¨É¨Ö Ê¸É ´μ¢±¨ 	Œ� ³μ£²  ¡Ò ¸É ÉÓ ¶·¨´Í¨¶¨ ²Ó´ Ö · §-
· ¡μÉ±  ¶·μ¥±É  ¶μ ¸μ¢³¥Ð¥´¨Õ ´  ´¥°É·μ´´μ³ ± ´ ²¥ ¸¶¥±É·μ³¥É·  ¤¢ÊÌ  ´ ²μ£¨Î´ÒÌ
Ê¸É ´μ¢μ±. �¤´  ¨§ Ê¸É ´μ¢μ± ¤μ²¦´  ¸μ¤¥·¦ ÉÓ ¢ ¸¥¡¥ ¢¸¥ ¤μ¸Éμ¨´¸É¢  ¸¶¥±É·μ³¥É· 
	Œ� ¨ ´¥ ¶·¥¤¶μ² £ ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö. „·Ê£ÊÕ Ê¸É ´μ¢±Ê,
μ·£ ´¨Î¥¸±¨ ¨¸¶μ²Ó§ÊÕÐÊÕ μÉ±·ÒÉμ¥ μ±´μ ± ´ ² , ³μ¦´μ ¸μ¢³¥¸É¨ÉÓ ¸μ ¸¶¥±É·μ³¥-
É·μ³ 	Œ� ¡¥§ ¸ÊÐ¥¸É¢¥´´ÒÌ ³μ¤¨Ë¨± Í¨°, ¥¸²¨ ¨¸¶μ²Ó§μ¢ ÉÓ ´¥°É·μ´μ¢μ¤Ò. �Éμ,
±μ´¥Î´μ, ¶·¨¢¥¤¥É ± ¶μÉ¥·Ö³ ´  μÉ· ¦¥´¨¥ ¢ ±μ·μÉ±μ¢μ²´μ¢μ° Î ¸É¨ ´¥°É·μ´´μ£μ ¶ÊÎ± 
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¢ ´¥°É·μ´μ¢μ¤ Ì. ‚Éμ· Ö Ê¸É ´μ¢±  ¡Ê¤¥É ´¨¦¥ ¶μ ±² ¸¸Ê, Î¥³ 	Œ�, ¶μ ¸¶¥±É·Ê ·¥-
Ï ¥³ÒÌ § ¤ Î ¨ · §·¥Ï¥´¨Õ ¶·¥¦¤¥ ¢¸¥£μ §  ¸Î¥É ¶μÉ¥·Ó ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´μ¢ ¸
£·¥¡¥´Î ÉÒ³ § ³¥¤²¨É¥²¥³, ´μ ¢ ¸²ÊÎ ¥ Ê¸É ´μ¢±¨ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¡Ê¤¥É · ¡μÉ ÉÓ
ÔËË¥±É¨¢´¥¥.

�· ±É¨Î¥¸±μ¥ ¨¸¶μ²Ó§μ¢ ´¨¥ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö ¢³¥¸Éμ £·¥¡¥´Î Éμ£μ ´¥ Éμ²Ó±μ
´¥ ¤ ²μ ´μ¢ÒÌ ´ ÊÎ´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ´  ¸¶¥±É·μ³¥É·¥ 	Œ�, ´μ ¤ ¦¥ ¨ ¸É ´¤ ·É´Ò¥
¨§³¥·¥´¨Ö ¸É ²¨ ±· °´¥ § É·Ê¤´¥´Ò. Š ÔÉμ³Ê ¤μ¡ ¢²ÖÕÉ¸Ö ´¥¤μ¸É É±¨ ³¥É ´μ¢μ£μ § ³¥¤-
²¨É¥²Ö, ¸¢Ö§ ´´Ò¥ ¸ ¥£μ ¸¶¥Í¨Ë¨Î¥¸±¨³ ¢·¥³¥´´Ò³ Í¨±²μ³ · ¡μÉÒ, ±μÉμ·Ò° ¶·¨¢μ¤¨É ±
§ ³¥¤²¥´¨Õ É¥³¶  ´ ¡μ·  ¸É É¨¸É¨±¨ ¨ Ê¢¥²¨Î¥´¨Õ ¢·¥³¥´¨ ¨§³¥·¥´¨° ¤²Ö ±μ³¶¥´¸ Í¨¨
¶μÉ¥·¨ ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ¡μ²¥¥ Î¥³ ¢É·μ¥. �±¸¶¥·¨³¥´ÉÒ, ¢Ò¶μ²´Ö¥³Ò¥ · -
´¥¥ §  ±μ·μÉ±¨¥ ¢·¥³¥´  ¨§³¥·¥´¨°, ¸É ²¨ ¢μμ¡Ð¥ ´¥¢μ§³μ¦´Ò. …¸ÉÓ ¢¥¸±¨¥ μ¸´μ¢ ´¨Ö
μÉ± § ÉÓ¸Ö μÉ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨¸¶ÒÉ ´´μ£μ § ³¥¤²¨É¥²Ö ´  ¸ÊÐ¥¸É¢ÊÕÐ¥³ ¸¶¥±É·μ³¥É·¥
	Œ� ¢ ¡Ê¤ÊÐ¥³. ‡¤¥¸Ó ³Ò μ¡¸Ê¤¨²¨ μ¤¨´ ¨§ £² ¢´ÒÌ  ·£Ê³¥´Éμ¢: μ¡Ð Ö ¸É É¨¸É¨± 
±·¨¢μ° ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö μ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê μÏ¨¡μ±,   §´ Î¨É, ¨ ¢μ§³μ¦´μ¸ÉÓ
· §²¨Î¥´¨Ö ³μ¤¥²¥° ´ ´μ¸É·Ê±ÉÊ·. —¥³ ³¥´ÓÏ¥ μÏ¨¡±¨ ¨§³¥·¥´¨Ö, É¥³ ÎÊ¢¸É¢¨É¥²Ó´¥¥
´¥°É·μ´´Ò° Ô±¸¶¥·¨³¥´É ± ¤¥É ²Ö³ ´ ´μ¸É·Ê±ÉÊ·Ò. ‚Ò¸μ±¨¥ É·¥¡μ¢ ´¨Ö ± Ô±¸¶¥·¨-
³¥´ÉÊ ¶μ ³ ²μÊ£²μ¢μ³Ê · ¸¸¥Ö´¨Õ ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ´¥μ¡Ìμ¤¨³μ¸ÉÓ μÍ¥´±¨  ¡¸μ²ÕÉ´ÒÌ
¶ · ³¥É·μ¢ ¸É·Ê±ÉÊ·. �μÔÉμ³Ê É·¥¡μ¢ ´¨¥ ¢Ò¸μ±μ° ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ¥¸ÉÓ
·¥Ï ÕÐ¥¥ Ê¸²μ¢¨¥ ¢ Ê¸¶¥Ï´μ¸É¨ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¸¶¥±É·μ³¥É·¥ 	Œ�. �·μ¨£·ÒÏ
¶μ ¶μÉμ±Ê ¤²Ö Š‡ ´¥ ±μ³¶¥´¸¨·Ê¥É¸Ö ¶μ´¨¦¥´¨¥³ Ëμ´  (Ëμ´ ¶·μ¶μ·Í¨μ´ ²¥´ ³μÐ´μ-
¸É¨ ·¥ ±Éμ· ), ÎÉμ ¨ ¶·¨¢μ¤¨É ± ÌÊ¤Ï¥³Ê ¸μμÉ´μÏ¥´¨Õ ¸¨£´ ²/ÏÊ³. �μÔÉμ³Ê Ìμ²μ¤´Ò°
§ ³¥¤²¨É¥²Ó ¤²Ö ¸¶¥±É·μ³¥É·  	Œ� ¤μ²¦¥´ ¡ÒÉÓ ¶μ ±· °´¥° ³¥·¥ ±μ³¡¨´¨·μ¢ ´´Ò³
(¸± ¦¥³, 75% Å É¥¶² Ö ³μ¤  É¨¶  ƒ‡ ¨ 25% Å Ìμ²μ¤´ Ö ³μ¤ ). �¥μ¡Ìμ¤¨³μ É ±¦¥
·¥Ï¨ÉÓ ¶·μ¡²¥³Ò ¡μ²ÓÏμ£μ ¢μ§¤ÊÏ´μ£μ § §μ·  ³ ²μÊ£²μ¢μ£μ ¸¶¥±É·μ³¥É· . ‘¤¥² ´´Ò¥
´ ³¨ ¢Ò¢μ¤Ò μ Ìμ²μ¤´μ³ § ³¥¤²¨É¥²¥ ± ¸ ÕÉ¸Ö ¶·¥¦¤¥ ¢¸¥£μ ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ· .
�  ¤·Ê£¨Ì ¨³¶Ê²Ó¸´ÒÌ ¨¸ÉμÎ´¨± Ì, ¢μ§³μ¦´μ, ¥¸ÉÓ ¶·¥¨³ÊÐ¥¸É¢μ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨
±·¨μ£¥´´μ£μ § ³¥¤²¨É¥²Ö, ´μ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Š‡ ¤²Ö ¸¶¥±É·μ³¥É·μ¢, ¨¸¶μ²Ó§ÊÕÐ¨Ì
¶·Ö³ÊÕ ¢¨¤¨³μ¸ÉÓ § ³¥¤²¨É¥²Ö (Ê¸É ´μ¢±¨ ¡¥§ ´¥°É·μ´μ¢μ¤ ), ¤μ²¦´Ò ¡ÒÉÓ ´¥ É ±¨¥
¡μ²ÓÏ¨¥ ¶·μ¨£·ÒÏ¨ ¶μ ¶²μÉ´μ¸É¨ ¶μÉμ±μ¢ ¨ μ¡¥¸¶¥Î¥´  ¸É ¡¨²Ó´μ¸ÉÓ · ¡μÉÒ É ±μ£μ
§ ³¥¤²¨É¥²Ö. „μ¶Ê¸± ¥³, ÎÉμ Ëμ·³  £·¥¡¥´Î Éμ£μ § ³¥¤²¨É¥²Ö ´¥ ¸μ¢¸¥³ μ¶É¨³ ²Ó´ ,
´μ ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨ ¨¸¶ÒÉ ´¨ÖÌ ¨ ¶μ¤É¢¥·¦¤¥´´Ò¥ ¡μ²¥¥ Î¥³ ¤¢ ¤Í É¨²¥É-
´¥° ¶· ±É¨±μ° ¨¸¶μ²Ó§μ¢ ´¨Ö ƒ‡ ¤μ± §Ò¢ ÕÉ ¥£μ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ. ŒÒ μ¸É ¢¨²¨
§  · ³± ³¨ ¸É ÉÓ¨ ¶·μ¡²¥³Ê Ï¨·¨´Ò ¨³¶Ê²Ó¸ . �ÉμÉ ¢μ¶·μ¸ É·¥¡Ê¥É ¤μ¶μ²´¨É¥²Ó´μ£μ
· ¸¸³μÉ·¥´¨Ö.

’ ±¨³ μ¡· §μ³, ³Ò Ê± §Ò¢ ¥³ ´  ¢μ§³μ¦´Ò¥ ¶ÊÉ¨ ·¥Ï¥´¨Ö ¶·μ¡²¥³Ò Ìμ²μ¤´μ£μ § -
³¥¤²¨É¥²Ö ¤²Ö ³ ²μÊ£²μ¢μ£μ ´ ¶· ¢²¥´¨Ö ´  ˆ
�-2Œ ¢ Í¥²μ³.

�¢Éμ·Ò ¡² £μ¤ ·´Ò ….�.˜ ¡ ²¨´Ê §  μ¡¸Ê¦¤¥´¨¥ μÉ¤¥²Ó´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¸É ÉÓ¨ ¨
±·¨É¨Î¥¸±¨¥ § ³¥Î ´¨Ö, ¸μÉ·Ê¤´¨± ³ £·Ê¶¶Ò ³ ²μÊ£²μ¢μ£μ · ¸¸¥Ö´¨Ö §  ¶μ³μÐÓ ¶·¨
¨¸¶ÒÉ ´¨ÖÌ Ìμ²μ¤´μ£μ § ³¥¤²¨É¥²Ö,   É ±¦¥ �. ˆ.ŒÊÌ ³¥¤§Ö´μ¢Ê ¨ �. ƒ. …Ë·¥³μ¢Ê § 
¡μ²ÓÏÊÕ ¶μ³μÐÓ ¶·¨ · ¡μÉ¥ ´ ¤ ¸É ÉÓ¥°, �.ˆ.ŠÊ±²¨´Ê ¨ ‚.ˆ. ƒμ·¤¥²¨Õ §  ¶μ¤¤¥·¦±Ê
· ¡μÉÒ ”–� ®� ÊÎ´Ò¥ ¨ ´ ÊÎ´μ-¶¥¤ £μ£¨Î¥¸±¨¥ ± ¤·Ò ¨´´μ¢ Í¨μ´´μ° �μ¸¸¨¨¯ (£μ¸Ê-
¤ ·¸É¢¥´´Ò¥ ±μ´É· ±ÉÒ º02.740.11.0299, º02.740.11.5010 ¨ º�974) ¨ 7-Õ · ³μÎ´ÊÕ
¶·μ£· ³³Ê, £· ´É º211800 (Seventh Framework Programme [FP7/2007-2013] under grant
agreement º211800). �. „. �μ£μ¢ ¡² £μ¤ ·¨É ¶μ²´μ³μÎ´μ£μ ¶·¥¤¸É ¢¨É¥²Ö �Ê³Ò´¨¨ § 
¶μ¤¤¥·¦±Ê ÔÉμ° · ¡μÉÒ, £· ´É º328 §  2009 £.
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